
& P I  
b 

, I 3 z/ 83 
I 

: 
! 

I t of me 
t 

i 1 
I 
I 

i 
I 
I 
I 

I 

I 

j 
i 
1 

t 

t 

BELTSVILLE, MARYLAND, U.S.A. 

APRIL 22 - 24, t 981 \ 
t 





CONTENTS 

Officers of the Symposium. ..................................... 
Sponsoring Contributors and Contributors ........................ 
f ntroduction and Objectives of the Symposium ..................... 
List of Participants ........................................... 
Report of the Fanel on Development of Uniform Identification and 

Terminology of Avian Lnfluenzz Viruses ........................ 
Report of the Panel on Devebpment of Uniform fnternatimal 

Understanding Concerning Ernpwt-Export 3eguirements. ......... 
Report c2 tho panel on Development of Methods fo,F Freveatian and 

Gontrd of Qutbreaks Associated with Low Virulent Shins ..*..... 
Researek Priwities Recommended uy the Panels ................... 
Avian Influenza 1981 - A Silver Anniversary, A Centennial, or 

A Millennium?- B. C. Easterday .............................. 
Uncomplicated Infection with Virulent Strains of Avian Influenz3 

Viruses-W.B.Alkn ....................................... 
Complications Assmhted with Avian Influenza Infections - 

d.Newman,etd ........................................... 
CURRENT WORLDWIDE SITUATION OF AVIAN XNilFlCUENZA 

Avian Influenza in the U n h d  States - 61964- f 98% B. S. Porneroy ..... 
Avian Influenza in tzustralia- A. Turner. ......................... 
Avian Influam in Belgium-G. Menlemans ....................... 
A Review of hfluenza! in Canada Domestic and Wad Birds- E. k n g  , . . 
Current Situation of Avian 1Enfl~;te~ in Franee- G. Bnnejearr ........ 
Avian Influenza in Rong Kong- R. F. Shortridge .........-.....*... 
Studies on the Ecology of Avian IrrfIuenza Viruses in k a d -  ............................................ M.Lipkind.etal ............................. Current Situation in Italy- M. Fetek 
Current Situation of Avian. Eduenza in Poultry in Great 

P).Y.Alexander ...........................................I. 
Occurrence of Avian Influenza Virvs Type A in Gmmzmy- K. Otis  and 

................................... P.A.Baehm ~1. . .~ .= . . . . .  

Studies on Avian Pnflaeaza in Ducks in the RqmbEc of C b -  
.......................................... . I f . S * L ~ , e t d * . . *  

SOURCES OF DdFECTIOM 
Epidemiology of Avian Influenza and Sources sf Infection in Domestie 

................................... Species-K. F. Shortridge 
Epidemidogic Relatianships of Influenza k Vkases h Domestic and 

........................... FeralSpecies-V.S.HinsPtawletat.. 
Review of the Three-Year Studies on the Ecology of Avian Influenza 

............................ Viruses in Israel- M. Lipkind, et aE 
Isolation of Influenza A Viruses from Exotic Kirds kt Great Britain- 

............................................ D.5.Alexander 
Influenza A Virus Infection of Domestic Ducks - T. Sandhrr and 

V.Winsbw ..I............................................. 
Economic Impact of Avian Influenza in Domestic Fowl in the 

................................. UnikdShtes-P.Poss,etal 
Economk Impact of Avian Influenza in Domestic Few1 on bkrm~onaf 

...................................... nade-R.E.kndersan 

viii 

viii 





OFFICERS OF THE SYMPOSIUM 
Gemral Chairman 
R. A. Bankowski 

neyartrnent of Epidemiology 
and Preventive Medicine 

School of Veterinary Medicine 
University of California 
Davis, California 95616 

CeChairman Ca-Chairman 
I. L, Peterson C. W. Beard 
Staff Veterinarian Sontlhr East Poultry 
USDA APHIS Researeh Laboratory 
Federal Central Building 934 College Station Road 
Myattsville, Mmy'land 20782 Athens, Georgia 30605 

Dr. William Allan 
Central Veterinary Laboratory 
New Haw, Wegbridge, England 
Dr. Dennis J. Alexander 
Central Veterinary Laboratory 
New Haw, Weybridge, England 
Dr. R. A. Bankowski 
University of Cdif omia 
Davis, California 
Dr. C. W. bard 
South East Poultry 

Research Lab. 
Athens, Georgia 
Dr. G. Bennejean 
La boratoire National 

de Pathdogie Aviaire 
Les Grok, Franee 
'Dr. 6. C. Eastefday 
University of Wisconsin 
Madison, Wisconsin 
Dr. L. Grurilbies 
Texas A & M University 
College Station, Texas 
Dr. Virginia Hinshaw 
St f ude Children's 

Research Hospital 
Memphis. Tennessee 



SPONSORING CONTRIBUTORS 
United S tzbtes Animal 

Health Association 
Science and Education 

Administration - USDA 
Animal and Plant Health United States Agency 

hspeetion Service - USDA for Inter national Devehpmea t 
Veterinary Services Bureau for Development Support 

Office of Agriculture-Livestock 

American Association of Avian Pathologists 
American Veterinary Medical Association 
Arbor Acres Farm, Inc., Glastonbury, Connecticut 
Arkansas Turkey Federation 
Babeock Poultry Farms. Jne., Ithsea, New York 
Calihrnia Turkey Industry Federation 
Cobb Incorporated, Concord, Massachusetts 
Hybrid Turkeys Ltd., Kitchener. Ontario, Canada 
Indiana State Pouttry Association 
Iowa Turkey Federation 
Maine Biologics Laboratory 
Midwest Poultry Federation, St. Paul. Minnesota 
Mile High Turkey Hatchery, he.,  Longmont. Colorado 
Minnesota Turkey Growers Associations Inc. 
Missouri Turkey Merchandising Couneii, Columbias Mo. 
National Broiler Council, Washington, D.C. 
National Turkey Federation, Reston, Virginia 
Nicholas Turkey Breeding Farms. he., Sonoma. California 
North Carolina Turkey Federatioc 
Pacific Egg & Poultry Association, Los Angeles, California 
Pennsylvania Pouttry Federation 
Poultry Health Laboratories, Davis, California 
South Carolina Turkey Federation 
Southeastern Poultry & Egg Association, Deeatur, Georgia 
Texas Turkey Federation 
Virginia Turkey Federation 
Wisconsin Turkey Federation 



R. A. Bankowski 

Avian influenza, or "fowl plague," is a major disease of poultry. Must 
diseases in domestic poultry are controllable, but the pturagity of an- 
tigenic, and thus immunologic types. of the influenza virus and the mode 
of introduction and spread into flocks makes this disease one of the most 
potentially economically disruptive maladies affecting the poultry in- 
dustry. 

At the 1979 United States Animal HeaIth Association Meeting, the 
Committee on Transmissible Diseases of Poultry : aognized the need fur 
international discussions on this problem ~ n d  it was resdved to hold an 
international. symposium on avian influenza in the Spring of 1981. It is of 
international importance to understand how regulatory agencies would 
respond to the antigenic makeup and differing levels of virulence of avian 
influenza isolates when they consider embargoes and other control 
rneasuros. After several informal meetings, an interaaf;iod organizing 
committee was established to assemble a number of scientists with 
expertise in this field, representatives from gsvernrnent regulatory 
agencies and poultry industry representatives to participate in this 
symposium. 

The aims and objectives of this International Symposium were to: 

1. Assemble information from scientific and regulatory people frmn 
severaf countries to present their problems and losses. 

2. Establish the need for an interrrational agreement and un- 
derstanding regarding the terminology of "ilzfluema" and "fowl 
plague," 

3. Explore the possibility of an international agreement and un- 
derstanding on control measures of iduenza in the avian species, 
particularly in domestic turkeys, chickens, ducks, and geese. 

4, Seek a common understanding among countries regarding the 
epidemiology and severity of the disease to prevent unnecessary 
embargoes associated with A1 infections. 

5. Evaluate the role of research and official regdatorp actions on the 
control and preventkn of AI. 

6. Document the economic effects of viruses of differing levels of 
viruience. 

7. Consider the importance of exotic birds in commerce and their rule 
in the introduction and perpetuation of AI. 

8. Establish the extent of AT viruses in migratory and other wild birds 
around the world. s # 

k 



On the last day of the symposium the committee bas requested that 
scientific, regulatory. and industrial participants be dirided into three 
panels. Each panel is assigned to  deliberate and summarize specific areas 
of the internationally significant avian disease problem and make recorn- 
merrdations regarding: 
1. Development of uniform identification and terminology of avian 

influenza viruses. 

2. Development of uniform international understanding concerning 
import-export requirements. 

3. Development of methods for prevention and control 3f outbreaks 
associated with low-virulent strains. 

4. Define research priorities in each area. 
It is hoped that the participants of this symposium can reach an 

agreement that will be acceptable to and adapted by regulatory age~eies 
around the world, 

Panel members: B. C. Easterday EUS3, Chdma7~ 
P. A. Bachman (West Germany), R. A. Bankowski (US.!. V. S. Hinshaw 
(US.), G. Lang (Canadd, J. E. Pearson(U.SJ, and R Rot t tWest Germany). 
Objective 1: Discard the term Fowl Plague? 

RECOMMENDATIONS 
That the term Fowl Plague be discarded, except for historital pm- 

poses. 
Objective 2: Develop criteria for highly pathogenie isolakes musing 
outbreaks that may need government intervention. 

RECOMMENDATIONS 
That influenza virus highly pathogenic for avian species be eonsidered 

any influenza v i m  that results in not less than 75%~ mortalitg within 8 
days in at least 8 healthy susceptible chickens, 4-8 weeks old. inoculated 
by the intramuscular, intravenous, or caudal airsac route with bacteria- 
free infectious ailantoie or cell culture fluids. This assumes the use of 
standard operating procedures to assure specificity. 



Ghazikhanian IU.SJ, G. Meulernsns (Belgium), M. Petek (Italyb I. L. 
Peterson (U.SJ, B. S. Pomeroy (US.), A. 9. Turner (Australid, 3. Waiker 
(US.), G. El Walts W.S.), 6. West (U.S.1 
Objective I: Define government activities when an outbreak is defined as 
being caused by a highly pathogenic isolate. 

RECOMMENDATIONS 
A. That a stamping-out policy be adopted by either: 

1. Destruction and burial or ineieeration, or 
2. Effective processing (e.g., cooked, canned) 

B. That this policy require: 
1. Statutory authority 

2. Resources, eg.. personnel and funding a 

3. Diagnostic support 

4. Adequate  ampe ens at ion program 
5. Quaranthe measures and control of movements 

6. Inspection premises 
7. SurveilEance both inside and outside the quarantine area 
8. Recognition of the above control activities by the industry, 

Objective 2: Placement, size and duration of quarantine 

RECOMMENDATIONS 
Objective 2hl: Determine placement of quarantbe 
A. Quarantine to be placed with the minimum of delay and rekased as 

soon as sound control measures permit 
B. Authority to utilize a presumptive diagn s i s  Oactim QF ssmicior! 
Objective 2W: Determine size of qaarantine 

That infected premises and area be defined 
That radius of surveillance be established at an early sate with 
restriction of animal movement except when licensed Eoir movement 
That regionalization or zone of a country be areas within a country 
defined by the National Government and not necessarily emfined to 
State or Provincial. Eines within a country. Government definition of 
regionaIization or zone of a country is needed together with the 
utilization of regionalization for the purpose of export trade 
That valuable genetic material be protected 

That size and scak of the quarantine will depend on the ability of all 
agencies and industry to respond to the quarantine measurea 



Objective 2ld: Determine duration of quarantine 
A. That a stamping-out policy be in effect according to these guidelines. 

1. Duration of quarantine: a minimum of 4 weeks of freedom from the 
disease within the quarantine area 

2. An additional 4 weeks (total 8 weeks minimum) freedom frdm the 
disease before a country is declared free from the disease 

3. Determiaation of freedom from disease, plus absenee of recrudes- 
cence of disease, depends on surveillanee measures. 

4. Quarantine should be in effect for as short a period as possible. 
b, That studies be conducted on the role of wecisration on thc duratian 

and release of quarantine 
Objective 8(&: General considerations 

That the definition of disease, the epidemiology and practical contrd 
measures be studied 
That national credibiIity be maintained regarding diagnosis, eontrd, 
and national diseaseantrd measures 
I. That assistance be provided to developing countries 
2. That embargoes and other limitations to trade be placed only on a 

strictly scientific basis 
That quarantine be limited sound control measures, that early 
resumption of trade be facilitated Csee Objective 24d (4) above) and 
that economic management sf the slaughter! poEicg to be achieved 
That quarantine measures protect gene pmls by indnst~y and by 
government in order to maintain continuity of the genetic material 
(see Objective 2031 (Dl above; and that within each country, the legal 
authorities must recognize the above measures 

That IegisIation and legal authority be available far the prompt 
imposition of quarantine 
1. Legal definitions of quarantines may be required 
2. Recognition of national authority by other countries 
3. Availability of assets. ineluding financial and technical support 

(see 0 bjective 103 (2,3) above) 
That value of quarantine measures depends on diagnostic capability. 
adequate surveillance, and reporting (see Objective flbl and 0b 
jective 2k) (3) above). 

Objective 3: Effect on international trade or embargoes, 

RECOMMENDATIONS 
A. That regionalization or zone of a country be recognized by the 

governments of other countries (see Objectives 2031 Fie) above! 



That all embargoes be based on scientific knowledge [see Objective 
2Cd) (bI(2) above) 
That regionalization be based on epidemiological idormation 
That the export of different poultry products from an infected reE'cim 
to be examined 
That international trade be reinstated as soon as possible (see Ob. 
jeetive 244 (A) above) 
That communications between countries to be maintained by the 
National Governments an3 the international organizations. 

REPORT OF THE PANEL ON DEVE OF METHODS FOR 
PREVENTION AND CONTROL OF MS ASSOCIATED 

WITH LOW-V ILENT STRAINS 
Panel members: C. W. Beard CU.S.1, Cbimax 
K. Esklund (US.), L. C. Grumbles N.S-1. D. D. King (U.S.). M. Lipkind 
(Israel), R. Nnnson (US.), 6. AAewman IUSX P. Puss W§J, R- Price 
CU.S.1, R. F. Shortridge ( M a g  KongX. 
Objective I: Develop recommendations to reduce the irnpact of the 
disease caused by mild, low-virulence strains. 

RECOMMENDAT1 ONS 
A. Initiate educational programs directed toward turkey growers 

through their sssmiat3uns and state and federal gouernme~~ts to 
inform them of -&he probable risk of avian influenza in those floclks 
without adequate biosecarity practices. 

Detailed recornmendations sat flock security should then be 
outlined in considerable detail f w  each specific segment of the 
operations, e.g., feed delivery, poult delivery and placement, egg 
collection and pick-up, contaminated house dean-up, ete. 

The probable increased risk proposed %or twke,vs on range vs- 
turkeys properly housed should be presented in those recom- 
mendations. 

Great emphasis should be laced on the movement of personnel 
from farm-to-farm. The definition of personnel should include both 
management and service employees. 

The improved flock security shouXd be in place and in operation 
before any outbreaks and should be followed cosrtinuaus~y. 

B. A national and international system for avian influenza reporting 
should be established, into which all reports of virus isolation and 
positive serology would go and out of which fryuent incidence 



reports wodd be sent to all concerned parties, Perhaps it can be 
made a reportable disease in the United States. 

Efforts should continue to expand the capability for the use of 
inactivated, oil-emulsion vaccines. A conteetion shaald be made of 
representative strains of each subtype, known to bs antigenicalIg an 
irnmunologicalty acceptable, recombined, if necessary, with high- 
growth strains to provide vaccine manufacturers with seed 
viruses for the production of vaccines. 

There should be intensified discussions and triaIs, if necessary to 
develop efficacy standards mutuaIIy acceptable to regtaIastory 
agencies and the poultry industry which wilt! faditate the continued 
availability of inactivated avian influenza saceines. Well-designed 
and controlle fieEd evaluatioars of csmmescia1 vaccine should be 
considered. 

Vaccines should be presented to the industry ady as s second Iine 
of defense against avian influenza in problem areas in either breeders 
or market turkeys. Vaccine s h d d  not be a substitute for proper 
flock biosecurity. The difficulties of predicting the needed subt~ye 
should be well publicized. 

Monitoring programs designed to detect avian influem antibodies 
should be conducted cmtinuarsIy in turkey flmks to aid in the eajg 
detection of subtypes in an area. Proper training and reagents should 
be made available to assist in this effort. 

Objective 2.- Determine the significance of avian influenza. viruses in 
migratory and other wild birds. 

RECOMMENDATIONS 
A. That the wild bird papulatians 2nd other mamnratls and livestmk, 

espedaky swine, in the vicinity sf avian influenza flaclrs should be 
monitored for the presence of avian idluema virus, Attempts should 
be made to define the mechanisms, if any, that link avian inBuertza- 
positive birds and mammals to outbreaks in poultry. 

B. That the international efforts to isoltate and identify avian in- 
fluenza viruses &om all species should continue, with the information 
being collected and disseminated to all concerned with avian in- 
fluenza. 

RESEARCH PRIORITIES RECOMMENDED BY TKE PANELS4 
A. On Transmission 

1. To study possibility of egg transmissisn 

2. To develop a laboratory test to determine spreading potential of 
the virus 

*Not listed in order of priority 



3. To study possibility of transmission by meat: 
a. Whole fresh carcass 
b. Frozen finished whole product <processed) 

4. To determine how long virus is viable under field conditions 
5. To determine how long the virus persists in recovered birds 

B. Virulence and Pathogenicity 
1. To determine the factors affecting the virulence of AI viruses 

2. To evaluate pathogenesis and associated laboratory procedures to 
achieve a rapid diagnosis 

3. To research pathogenesis of influenza complicated by other infee- 
tions and the environment 

4. To conduct pathogenicity studies on various straias of influenza 
virus isolates in turkeys a d  chickens 

C. Diagnosis 
I. To develop methods for rapid surveillance of influenza 
2. Ts research testing procedures for determining comparative 

pathogenicity of strains 
3. To diagnose criteria for determining status of freedom from highly 

pathogenic strains of avian influenza in avian species ia any 
country 

4. To determine if parainfluenza viruses are being miss& and 3 a 
disease is erroneously attributed to  A1 or to other agents, 

D, ?let Birds, Wild Birds and Other Reservoirs 
1. To study the role sf pet birds, wild birds and mammals as re3er= 

voirs and sources of infection 
2- To investigate wild bird populations, other mammals and livestock 

in the vicinity of AI-infected Bocks for the presence of A1 and 
attempt to define the role and mechanisms that iink AI-positive 
birds and mammals to outbreaks In poultry, 

3. To define possible role of human infection and particularly, swine 
IHswl) on dissemination of A1 

E. Vaccines & Immunization 
1. To define the quality and duration of vaccine-indeced inmmrrGty in 

ehickens and turkeys 
2. To determine the effect of vaccine on AI infeetion and shedding of 

A1 virus in immunized chickens and turkeys 
3. To explore the possible use of genetic engineering to produce AI 
MA antigens in baetezia 



4. To develop aeceptabk laboratozy means of determiniel: AI vaeeine 
efficacy 

4. To explore the feasiMlity of viable vaccines against AI 
F. To Investigate AnriviraI Therapeutic Agents for ControI of A1 
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Where are we in this year of I981 with our understanding of avian. iP 
fluema and where should we be five. ten and twenty years from now? 
What have we learned in the past one hundred years? M a p  &@ant 
events have been reeorded in the chronicle of influenza during that t h e  
Perhaps the most significant events have gone anrecogpized an&m 
unrecorded. It is not appropriate to compile a comprehensive iist and 
commentary on the important events in influenza for this symposium. 

There are at least three events that relate to this spposkm; 1) 'Jle 
recognition of s serious disease among poultry in 1878; 21 a global 
pandemic of influenza in human beings and the appearance of a new 
influenza-like disease in swine in 1918, and 31 the beginning ofan avian im 
fluenza era in 195556; events of 100 years ago. 60 years ago aad 25 years 
ago. In 1878 there was a very scrims disease among podtry des&bd in 
Italy. That disease became known as fowl plague. Just over 20 gears after 
it was described, its cause was determheci to be a 'WterabFe virus,"" 
Along with foot and mouth disease and &icaa horse sickness, it was one 
of three "filterable viruses" eausiag severe disease in animals at the tarn 
of the century. The records indicate that fowl plague was responsible fer 
extensive lasses in domestie poultry aperati~ns throughout the warM for 
the next several decades. Whether that specific disease remains today is 
a moat point. 
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era in 1955M. It was during that time that a fowl plague virus was deter- 
mined to be a type A influenza virus. It was also during this time that 
type A influenza viruses different from any other type A influenza virus 
were recovered from ducks with acute respiratory disease almost 
simultaneously in England and in Czechoslovakia. 

When did the avian influenza era really begin? How many hundreds (or 
thousands) of years have avian species been infected with Maenza 
viruses? Has that really been the case or are these viruses only recently 
introduced among avian species and b e  become readily adapted so 
rapidly? There seem to be so many avian species and so many influenza 
viruses so well adapted that the  seemingly happy ecdogic family of birds 
and influenza viruses must be the result of a very long evolutionary pro- 
cess. A group of viruses once thought to be Ernited to human beings, 
swine, and horses are now found throughout the world in many avian 
species. Mow many of the more than 8,500 different species of bkds 
throughout the world with an estimated total population of 100,000 
million have been or are infected with influenza viruses? If one examines 
the contents of this symposium it is clear that it is inappropriate to at- 
tempt to summarize the state of the a r t  of avian influenza because much 
of that information foIlows. 

With regard to the nature of the influenza viruses there has been an 
extraordinary explosion of the understanding of the viruses in the past 
ten years and especially in the last 5 years. We know how the virus is put 
together, we know about the major component parts, w e  know how it 
replicates and we know how to classify it. If we only knew as much about 
the diseuse influenza as we do about the virus influenza we w d d  Have a 
considerable understanding of how to control these diseases in the mam- 
malian species as well as in the avian species, It is not unreasonable to 
speculate that more is known about influenza viruses than any other 
group of viruses. It is also safe to say that we know relatively little a b u t  
the disease influenza. While many other devastating diseases have been 
controlled, influenza remains an uncontrolled major disease problem 
among human beings and lower animals. 
While we don't do very well in understanding the disease influenza we 

do nevertheless do very well in the diagnosis and identification of the  
viruses, We do very well in the genetic and antigenic analysis of the 
viruses and we know that we can successfuly vaccinate birds and other 
species. 

Despite the world wide occurrence of these viruses we know very little 
about their red threat aindlor potential to cause significant economic: 
losses in aviart populations. And we know very little about their public 
health aspects. What is the  threat of avian influenza? In the past there 
have been some very considerable losses in various parts of the world. 
W e  do have losses today, but considering the large pop~lations at risk 
there seems to be relatively littie loss in economic terms. Can we deter- 
mine accurately the magnitude of the losses? 
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Certainly we know a considerable amount about avian influenza, At the 
same time there is ar considerable amount that we don't know. The time is 
now. It is my firm eonvietion that the participants in this symposium 
should not leave until there is some consensus with regard to the goals, 
priorities and recommendations on an international Ievel far addressing 
and understanding avian influenza. 
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Defining the pathogenicity of an avian influenza isolate cannot be done 
in precise terms although the Intravenous Pathogenicity Index (IVPIF 
detailed in Poui-ry Biologies allows comparative tests to be carried out 
whieh their eategorisation in much the same way as has been done for 
Newcastle disease virus. 

With the IVPI test only a few isolates give an absolute maximum score 
of 3.0 or leveis approaching it. In addition to this, virus that has been 
stored in the wet state at - 70C or as a freeze dried specimen may not ex- 
hibit its maximum potential until it has been passaged through SPF 
chickens several times. When this has been done isoEates can be eom- 
pared by injecting isolates into groups of birds from the same source 
housed in identical conditions and observed daily by the operator. Except 
for the most lethal of strains, the test may be considered a comparative 
one so that a new isolate is rated in comparison with refemcee strains. In 
our laboratory AlChiekenlGermanyl34 @tostock) @I'INI or Havl NIJ gives 
the most regular pattern of acute death with a value of 3-00 an almost all 
occasions with AiChiekenlEgyptl45 yielding similar results. The 
reference strain FPVlDutehl2-7 (H7N7, Ravl N71 has always resulted in a 
slightly slower pattern of death with a proportion of the injected birds 
dying a day later. Other isolates tested in our laboratory have ineluded 
AITurkeplEnglandW W7N3. Havl N3) giving slightly lower results cf a p  
proxirnateIy 2.7. These are all strains which have been defined as Fowl 

I 
Plague Virus. 

1 The only other haemagglutinin type that has given similar results in 
I 
I our bands has been the H5 or HsvB group including A/ChiekedSeot- 
I land159 and AITernlSouth AfriealG1 whieh have given values of slightly 

over 2.5. In summary, our collection comprises only two haemagglutinin 
types which regularly kill six-week dd birds in one or two days. 
In 1979 when a ease of acute avian influenza was reported in Norfclk 

we obtained a series d isolates from the infected premises that yielded a 
maximal value of 3.00 on at hast two tests although epidemiologicafiy 
associated isolates taken from the same premises at the same period gave 
somewhat Eower values. This, the newest of our coEIection of vkuEest 
strains was passaged in chickens and repeat bthaEity tests showed a 
significant variation in the observed IVPI value, showing that the isolate 
comprised a mixture of clones eseh of which had slightly different Iethali- 
ty indices. 
In the laboratory when six-week old ehiekens are used for the test. the 



AVIAN INFLUENZA VIRUSES 5 

clinical signs are  only slight and in general sudden death at or slightly 
after 24 hours without ar?y well defined external pathological si@s 
predominates. On post-mortem examination the most evident changes: 
are confined to congestion and inflammation of the heart fat, serous sur- 
faces and intestinal wall. 
When older birds are  injected with these viruses, especialEy those that 

have a lethality index of under 3.00, oedema round the eyes and in the 
wattles may be seen. In most cases these changes can only be 
demonstrated in older birds when viruses are used which allow birds to 
remain alive for at least 48 hours; isolates which kill more quickly, do so 
without obvious signs. 

Natural disease in a turkey farm with a virus which included clones of 
maximal virulence gave a clinical picture of an acute febrile disease in 
which the infected birds huddled together, were disindined ta move or 
feed and amongst which birds were seen to fall over onto their backs, kick 
several times and die within a few minutes. These, when examined 
showed the same pattern of congestion with some congestion of the lungs 
and a constant air saeculitis, petechial hemorrhages occurred in the inner 
breast wall and to a variable extent in leg and breast muscles. A few 
birds showed the presence of mucous plugs in the trachea and in some of 
these were also seen in the nasal cavity. Spleens were moderately enlarg- 
ed and mottled ia some birds and in hens, ruptured foKeles and early egg 
peritonitis were to be seen. 

Clinically the disease appeared to  be mare severe in some pens in af- 
fected houses and to vary slightly from house to house. (There is an 
overall impression which cannot now be confirmed that the clinical p w  
ture became more severe once the disease had devebped.1 

In Britain there has not been a case of infeetion in chickens with 
virulent virus since 1959 when disease caused by AIrChickentScothdj59 
caused a very high mortality level. This virus H5N1, BavSNI is ths only 
one other than the H1 haernagglutinin type which Has possessed this 
quality. It may be of note that the investigator, the late Dr. J. E. Wilson 
made the comment that had the disease spread to other farms, considera- 
tion might have been given at that time to broadening the definition of 
Fowl Plague in order to control it. It would appear that a quality of bighfy 
virulent avian influenza virus is tha t  of low transmisability such that in 
rural areas where poultry populations are low, the disease may be self 
limiting. 

In this context it may be permissable to  compare virulent avian in- 
fluenza virus with its equivalent paramyxovirus Velogenie NewastXe 
disease. The two conditions shared the name Fowl Pest for many years 
and the possibility of confusing the two diseases has always been 
reeognised by poultry pathologists. In the Newcastle disease epidemic of 
1910 in Britain, the author visited several farms where ehickens shcmed 
the same pattern of sudden death after flipping onto their brteks and kick- 



ing for a few moments. The important difference was that the Essex '70 
strain of Newcastle disease also gave rise to acute respiratory lesions and 
the epidemiology of the disease showed it to be highly trsnsmissabb. In 
contrast the highly virulent isolates of Newcastle disease that have had a 
psittacine origin and which may properly be called Velogenic 
Viscerotropiz Newcastle disease have not, in our experienze, shown the 
high ability to spread that the pneumotropic Esssx '70 strain had which is 
believed to  have spread from disease in chickens which was recognised in 
the Near East in 1968. 

An important question that has yet to be answered is whether the 
highly virulent strains of avian influenza are always of limited 
transmissability or whether some may mimic the Essex 'TO type of 
Newcastle disease virus and show both high virulence and high 
transmissability . 
DR. ROSENWALD: 1 would like to ask Dr. Allan a question with regard 
to the intravenous pathogenicity index CIVPI). Re posed the differences 
in the IVPI with a maximum of 3, I presume, dropping down to 0 if there 
is no mortality and no signs. However, in each case he also meationed the 
transmissibility, or t o  use your own term, the diffusibility of the virus. Do 
y m  have any feeling that this might also b usefsl in defining an out- 
break as being subject to regulatory action or simply handled otherwise? 

DR. AELAN: I think I am right in saying that the IVPI test was 
developed by yourself many years ago. X think one of the problems we 
have is that we had used this for Newcastle disease, and we found that it 
was fairly reproducible. When we have used this for avian influenza 
where we have a maximum kill of 3, then I think w e  know where we are. 
When we gat down to lower levels, the type of pattern we see is that 
some of the &week old chicks die and others stag perfectly healthy. That 
is to say if we repeat the test, the standard deviation of this test mag 
begin to get larger. Therefore. I would not want to put the weight on this 
test that we can confidently put on i t  for the use of Newcastle disease. I 
think this is a problem Now as regards to diffusibility, again Rusk, I 
think you hit the nail right on the head. We are all, 1 think in this room, 
going to be comparing influenza and Mewcastle disease bemuse in some 
ways the epidemiological features are similar. And as you probably know 
that here in the States you refer to VVND, whereas in Britain I have 
always said that the highly Ietbal virus we have that we all Essex 70 was 
more pneumotropic; and although it took longer to kill than some of pour 
parrot-origin Newmstle, its defusibiiity or spread factor was such that in 
the long term it was much more dangerous. Professor Cummings from 
Australia I think had made this comment to me very &en-please try 
and make some good method of assessing the defusibifitp of a virus, I 
haven't managed to spend very much time on this, but I know that there 
are one or two scientists now working on exactly this subject in this area. 
That is to say, they are testing the isolates not only for lethality but 
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further ability to spread. I think this work is very much in its infancy. I 
doubt if it could be carried cut in 5 minutes. I mean a test fike this 
probably requires 2 or 3 weeks planning and 10 to 12 days observation. 
But I would agree with you in this. If we can find a fast spreading virus 
then we may want to act very much mare quickly then if we say-ah yes, 
the virus killed so fast that the virus and the animals tend to die at the 
same time. I think this is one of the big problems ahead. 
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Avian Irrflzrenza Viruses CAIV) like Neweastle Disease V h s e s  (NIbVf 
are extremely variable in their disease prtzduci~g ability (pathogenicity). 
Fowl Plague Virus (a strain of APW has been known to be a very 
pathogenic strain of AIV. Strains of A N  having the same or different an- 
tigenic composition have aEso been shown i;o be pathogenic Eor chickens 
and turkeys. Still other isolates might have the same antigenic connposi- 
tion as Fowl Plague but be completely apathogenic for chickens? 

This fact is further substantiated by the result obtained by AHm 
et.aL1 in a study in which they virulence indexed several AIV kdates, ns- 
ing a system similar to that used for virdeme testing N W  isolates. They 
reported the pathogenicity indices abbined with I3 Influenza isolates. 
The indices ranged from 3.0 to 0.0. Studies conducted by Dr. 
Karunakarane on M V  isolates &on dueks and turkeys revealed that 
isolates from ducks are of low pathogenicity and that the pathogenicity of 
isolates of the same virus subtype bssed on hemgghtination and 
neuriminidase) vary in their disease producing ability. 

Factors which have been associated with enhancement of the disease 
expression in addition to the pathogenicity of the vkns isolate include 
age of exposure, environmental faetom Eventifation, litter condition, 
temperature, crowding), physiollogical activity (egg fa,aislg), and eo~cur- 
rent hfections. 

Because of the law pathogenicity of =my  of the A N  isolates and the 
limited environmental stress factors wfrich occur on range, infecti~n in 
range reared market turkeys is often subdinieal. For this reason a pre 
ducer may not be aware of the infection until the flock is marketed. 

i infected flocks generally experience on increased coademnatim loss at 
I the processing plant. The birds are cmidemned because of the airsac- I 
1 culitis and septicemia-toxemia associated with the infeetion and/or its 
I compkations. Because of this Zimited expression of the disease in m y  
1 range flocks of turkeys, producers report that the ~utbreak of A1 fist ocl- 
1 curred in confinement reared birds. Eowever, in testing rage Bocks in 
I these operations, one often finds serologhl eedenee that the range 

flocks became infected Tirst. 
Chiekens and turkeys raised in confinement appear to be more likely to 
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develop e l in id  signs of the infection. The reason for this is assumed to be 
related to  the  added stresses on the respiratory system (physical, 
chemical, mierobiau associated with confinement rearing. The social 
stresses and population dynamics of crowding may also play a role in 
allowing the disease to express itself. 

Two outbreaks of Avian Influenza have occurred in egg laying strains 
of chickens while in production in the United States since the Fowl 
Plague outbreak in 1929. In both of these outbreaks the viruses were of 
low pathogenicity as determined by the intra-cerebral pathogenicity in- 
dex and the lack of any signs of disease in subsequent laboratory studies 
with the isolated viruses. I n  the Alabama outbreak4, the virus was an 
Hav4Neq2. The virus infected chickens were located on thee different 
farms. These flocks experienced up to 690h m~rtality- One flock ex- 
perienced 31% mortality in a single day. 

It had been suggested that some bacteria, virus, or stress was in corn- 
bination with the AIV to produce the disease syndrome5. All euhrirrg at 
tempts failed to  reveal any other pathogenic organisms. There were 
several environmental stresses on these thee flocks. A hurricane passed 
through the area a short t h e  before the break. It did not damage the 
three farms, but resulted in damp chicken houses. One flock was sub- 
jected to a calcium deficient diet earlier. These stress conditions were ag- 
gravated by temperatures varying by as much as 40°F in one day, 

The second outbreak of AfV in laying chickens occurred in Minnesota 
in 19783. The virus isolated fro= this outbreak was Rav6N1. The mortaIity 
in this outbreak was minimal (maximum of 2.60b weekly for one week). 
Egg production was severely affected in two of the three affected flocks. 
Attempts were made to determine why the disease was mare severe in 
houses 1 and 3 than in house 2. It was observed that house 2 was warmer 
(17 C vs 1343. In addition the chickens in house 2 were much better feath- 
ered, having recently been force-molted. All three Bocks were fed the 
same ration. Houses H and 2 had the same strain of birds. 
Turkey breeder hens in production appear to be very sensitive to A N  

infection. Affected flocks become very depressed snd anorexic, Egg pre 
duction is markedly affected. 

We have had two flocks of very young turkeys two to four weeks of age 
exposed to two different low pathogenic strains of AIV, In each case ghe 
mortality exceeded 50°!. 

Concurrent infections are the major reason for Increased morbidity 
and mortality associated with low pathogenic strains. Coneurrerrt infe@- 
tions which have been identified included Newclastle disease v h s ,  
Pasteurella multocida, E- CoIC Alcaligenes faec i s ,  and A s p e ~ g 2 . h  
fumigatzls. These concurrent infections m2y be from natural infection or 
following the use of live vaccines. The results of three such compXici~tions 
are summsrized in tables 1-3. The widespread use of live Newcastk and 
Fowl cholera vaccines in turkeys make these two agents frequent corn- 
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plieating agents. Pas teurella multocida and E. Coli are the most common 
naturally occurring complicating bacterial organisms. 

If more than one AIV subtype is present in a geographical area, it is 
not uncommon for a flock to go through a second outbreak of A1 as a 
result of infection with a second subtype. However, isolating more than 
.one virus subtype during a given outbreak in a Rock has not occurred. 
Serological results support these cultural findings. 

TABLE 1 

INFLUENZA - NEWCASTLE DISEASE 
Flock ID 79-153-1-9 T ~ t a l  head marketed 7634 151,5%) 
Hatched 9/20/78 Tota l  head condemned 872 
Breed Broad White male turkeys Percent condemned 11.4 
Flock size 14,900 

Acre (weeks) 
Weekly - Mortality 

Comments Number Percent 

5 Flock progressing well 2 8 0 .2  

Increased mortality-£ lock de- 1 2 8  0 - 9  
pressed with URI-Postmortem 
pericarditis, perihepatitis. 

7 Mortality continues to increase, 657 4 . 5  
Serum and swabs sent to NVSL. 
NCD, GMT-2 A I V  POS, HSWLNI. 

Mortality decreasing. NCD, 127 0.9 
GMT-404, NCD virus isolated. 

9 Increased mortality. Flock 360 2-6 
still showing signs of 
respiratory problem, 

YPock apparently improving. 8 0 0 - 6  

Nortality increased, Flock 2 30 1.8 
depressed. Postmortem- 
airsacculitis 

Serology 10 wk-6 da. I1 wk-2 da. 

NCD (GMT) 28 119 
Eav6Nk N e g  . Pas .  

Medication continued 371 2.9 

Flock returning to normal 90 0.7 

Total Mortality 2011 14.2 
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TABLE 2 

AVIAN INFLUENZA-ORAL CHOLERR VACCINE 

Flock ID 79-407-3-9 
Hatched 3/16/79 
Breed B r o a d  White male turkeys 
Flock s i z e  12,000 

Weekly-Moxtali ty 
Age (weeks) Conmen t s 

-, 
Number Percent 

6 Progressing well 
Received oral C h o l e r a  vaccine 27 0.2  

12 Progressing well 
Received oral Cholera vaccine 57 0.4 

18 Progressing well 46 0.4 
Received oral Chalera vaccine. 
Began coughing 3 days postvaccina- 
tion. P o s t ~ , o r t e m  findings-lesions 
consistent w i t h  f o w l  Cholera. 

19 A I V  confirmed-Rav2~egl. 975 8.3 
P. multocida typed-vaccine - 
stain.  

2 0 Elevated mortality continued 1Q79 9.8 

Flock beginning to improve 241 2 - 4  

Flock ~arke ted .  Condemnation 90 0 - 9  
8 .3%-  

Total Mortality 2385 20.0 
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TABLE 3 

AVIAN INFLUENZA E, COLI COMBINATION - - 
Flock ID 79-405-6-9 T o t a l  head marketed 2823 (45,5%f 
Hatched 7/10/79 Total head condemned 381 
Breed Broad White male turkeys Percent com3emed 13-5 
Flock s i z e  6 , 2 0 0  

Weekly - hrtaEity 
Aqe (weeks) Comments Number 

3  lock progressing well 20 

Flock very depressed, coughing 
Postmortem-Tracheal plugs, 
pericarditis, perihepatitis. 
AIV isolated-Eiav2N-1. 

6 Medicated continued 112 

7 Flock appears stunted 181 

8 Mortality str33 increased 4 39 

Flock improving LO9 
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SUMMARY 
Classical fowl plague has not been identified in the United States since 

1929. Bankowski and Mikarni reported the fist isolation of less 
pathogenic stratins from turkeys in 1964. Since then influenza Itas been 
recognized in turkeys in 14 states. Minnesota bas repwterJ outbreaks 
every year since 1966. Californi;t has had o~tbreaks eomisknay over this 
period. The outbreaks in other states have been sporadic and in some 
areas of the US., South Atlantic, there k v e  been no reported ouCbr&. 
There have been only two outbreaks reported in ehiekens during thfs 
period, Alabama (1975) and &nesota CL918). A wide variety ef hemag- 
glutinin (HA) and neuraminidasa (NA) antigens have been ide~ti9ied in 
isolates from domestic avian species in the US., AAVI, HAV2, EAV& 
HAV5, HAW, EAV9, and HSWl in various combimtiom with Wl &, 
NEQI, NEQ2, NAVI and NAVZ. 

Although HAVl has been isolated fram turkeys in thee states 
(Oregon, 1971; Texas, 1978; Minnesota, 1980) and from pheasants fMh- 
nesoh, 19801, the path~genkity of these isolates have been low to 
moderate in severity under field conditims and showed low pathogenici- 
ty under laboratory conditions. Only lb.%ed reports of influenza have 
been made in domestic ducks, geese, pheasants and guinea fawL 
INTRODUCTION 

Classical fowl plague has nut been identified in the United States since 
1929. The first reported isolation in the US. a& less pathogenic stmbs 
was made in California in 1964 by Bankowski and BfSwnL~ OXesiuk et d. 
reported an isolation in Massachusetts from turkeys in 1969 fobwed by 
isolations in 1965-66 from turkeys in Wisconsin? Pn 1966 the &ease was 
identified seroh@ealiy in turkeys Iln Minnesota and v h s  isoktims were 
made in 1967.4 Since then, influenza, has been reported in turkeys, 
chickens, and other domestic h w l  in other states. A survey was made of 
the state diagnostic laboratories in the US. in 1980 to determine when 
isolations of the virus and/or serobgkd identilEi:atim of avian Mueaza 
were made. Fifteen states reported identification of avian infhenza in 
domestic fowl. The results are given in Table f and the year of the *st 
report and identifk8ti~n of hemagglutinin antigens since the first report, 
Turkeys 

Minnesota and California have reported more outbreaks than other 
states. Both states have large turkey populations in conce~~trated areas. 
Minnesota raised approximately 25 mEon market turkeys in 1919 and 
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had 150 breeding flocks containing approximately 659,000 birds. Califor- 
nia marketed about 19 million turkeys and had 123 breeding flocks with 
approximately 462,000 birds. 

In Minnesota, several million market turkeys are raised on range from 
May 1 to November 1. In the area where influenza has been consistently 
identified each year in tukeys, there are a large number of turkey flocks 
raised on open ranges. There are numerous lakes and ponds in the area. 
The Mississippi flyway is a major flyway of migratory waterfowl &om 
Canada and northern Minnesota. BaM has consistently isolated various 
influenza serotypes from ducks in their breeding grounds in northem 
Minnesota? There is also migration of gulls k i n g  this same period and 
these birds are found on turkey ranges. Breeding £locks are primarily 
raised in confinement and the infection may be introduced from infected 
market flocks, wild birds, or swine and then spread from flock to flock by 
artificial insemination crews and movement of personnel, equipment, 
feed trucks and processing trucks. 

California has reported outbreak& over the years primarily in breeding 
flocks, Because of the climatic conditions, many breeding flocks have 
been maintained in open pens thoughout the year, but the industry is 
moving toward complete confinement, The Pacific Byway is a major 
flyway for migration waterfowl along the Pacific Coast and influenza 
viruses have been isolated from wiId ducks in California? 

Beard and Helfer reported the isolation of EAVI NAV2 £ran turkey 
breeding flocks in Oregon (1971) and found in laboratory studies the 
isolate was nonpathogenic to chi~kens.~ Bemd and Easterday conducted 
extensive studies with the isoMe and found it protected chickens against 
the highly pathogenic Dutch strain of fowl plague virus? Texas CIW91 
reported the isolation of RAVl MAW from turkeys? Four breeding 
flocks on two farms were involved. The isolate was fotmd nonpathogenic 
to  young chickens and turkeys. Minnesota 11980) rep~rted an outbreak of 
HAW NAVZ in 16 turkey flocks beionging to m e  company. In the 
laboratory, the isolates were moderately pathogenic to young tmkey 
poults* 

It is interesting to note that outbreaks in seven states were related to 
HSWINI, Mohan et al. reported an outbreak in Ohio on one farm where 
the breeding turkeys had close contact with swine? The outbreak in 
breeding flocks in South Dakota were probably related to an outbreak in 
Minnesota breeding floeks belonging to the same hatchery. A s h i k w  
situation may have occurred in the outbreak in Missouri and Kansas. The 
outbreak is Colorado occurred in one large breeding operation an& the in- 
i t ia t io~ of the outbreak may have been related to swine. The outb~& in 
Iowa may also be related to swine because of the large swine population 
in the area. - More epi4mioological studies are needed to determine if 
the source of the virus in future outbreaks is swine, waterfowl or man, 

Except for the one report in Massa@husetts C19651 and one in Penn- 
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syhania (19761, avian influenza has not been identified in turkeys in other 
South Atlantic states where 45 miltion market turkeys were raised in 
1979 and 77'8,000 breeding Mrds were kept. The turkey industry ilr that 
area has gone to complete confinement rearing of market and breeding 
flocks. The Atlantic flyway is a major flyway for migratory waterfml 
and influenza viruses have been isolated from wild waterfow~,f~ Texas 
has reported only one outbreak invoking four breeder Bocks. 
Chickens 

Only two outbreaks have been reported in chickens, one in Ahbanra 
(19751 and the other in Minnesota (1978),E1.12 The source of the Meetion in 
Alabama was not determined. The outbreak an one chicken kyhg opera- 
tion in Minnesota occurred an a farm that was located near turkey Ewks 
experiencing outbreaks of influenza. h & s  and personnet &om the same 
feed company serviced infected turkey flocks as weH as chicken flocks- 
Commercial egg type and broiler Bocks are primarily raised in total eon.- 
finement in the US. 
Othelr Domestic Fowl 

There have been only a few reports indicating evidence of Mne~mza 
viruses producing clinical disease in ducks, geese, pheasants and other 
fowl in the US94 HAVI NAV2 was isdated from artbreaks of two sm* 
commercial groups of pheasants in 1980 in Mhesop2, These outbreaks 
had no direct relationship to the autbrealr h turkeys. Dmnestie dneks* 
geese and game birds are usually raised in orrtside pens and thus may 
have contact with wild watesEow1 and free flying birds. Very little work 
has been done to determine the prevalence of Influema viruses in corn 
memially raised ducks and geese. 



POMEROY 

Table 1 

AVIAN INFLUENZA SEROTYPES ISOLATED FROH TURKEYS, 
CHICKENS AND OTHER DOMESTIC FWL I N  THE U.S. (1954-1981 ) 

State - 
Turkeys 

Cal i forni a 
Massachusetts 
H i  sconsi n 
Ml' nnesota 

Washington 
Oregon 
Iowa 
Ohio 
Pennsyl vani a 
South Dakota 
Texas 
Missouri 
Kansas 
Col orado 

Chickens 

A1 a barn 
Minnesota 

Other Species 

Pennsylvania 
Minnesota 

Year 
First 

Identified 

Kanaggf u t i n i n  
An t i  gens 

Ident i f i ed  

)IAV5, HAV6, HAW 
MV6 
WV6, HAV9 
HAV1, HAY2, mv4, HAV5, 

HAV6, HAV9, H S d l  
HAV6 
HAV1 , HAV6 
MV4, W S ,  W 6 ,  H S W I  
HSW 
NA 
HSWl 
*Vl 
HSWl 
HSWl 
HSWf 

Oucks NA 
Geese NA 
Guinea Fowl !+A 
Pheasants HAW, HAW 

HA - Not available 
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A. J. Turner 
Department of Agriculture 

Melbourne, Victoria 
Australia 

Inf3uen.a virus infection of cammerciaI poultry has only been detected 
once in Australia. Fowl plague caused by a virus with antigenic deter- 
minants H a d  Neql was detected in 2 egg layers, 1 broiler and 31 d ~ e k  
breeder flocks in Sanuasy and February 1976. M&twaUy marring 
disease was observed in the chickens bat not in the ducks. AH infected 
flocks were slaughtered and extensive serolugial surveys thmughotzt 
Australia demonstrated no hrther occurrence of infection. 

The source of fowl plague infection was not determined dthough serob 
gy and cloacal swab culture were used in an attempt to  demonstrate in- 
fection of wild birds. 

I Influenza infection of sea birds was detected in the northeast re* of 
Austrab in 1972 and 1915, when *as with antigenic determinants Hav. 

1 6 Nav. 5, Eav. 5 Nav. 2 and Eav. 3 Nav. 6 were isolated. 
Since 19'78 some 45 iduenza viruses have been isolated from sea and 

freshwater birds and domestic chickem in the north-western region of 
Austraki. These viruses have no pathogenicity for domestk chickens. 

Extensive cultural and serologkd investigations of birds, p ~ t i c u ~ ~ y  
penguins, on Mscquarie Island and the Australian AnI;at.ctie Continent 
has not resulted in the isohtion of any M n e m  viruses. bwever, an- 
t ibdy to fowl plague virus was detected in the sera of 10.9 per cent of 
adult Adelie penguins sampled on Peterson Island. 



G. MeuIemans 
Institut National de Wecherches Veterinaires 

Bruxelles, Belgium 
Our laboratory is mainly concerned with the diagnosis of viral diseases 

of domestic poultry. Eackyear more than 1080 viral isolation attempts 
are made in SPF eggs and cell cultures. During the three last years, we 
have isolated 5 strains of Influenza virus, 

For each strain we have determined the ICf I and NPI as recommend- 
ed by Allan et al. (1917) and all the sttai~s were submitted to 3. J. SkeheI, 
World Influenza Center, Mill m, London for se~d0:@d charitcteh- 
tion. The results of these tests are given in Tabb I. 
Two strains were isolated in 1978. A ~ ~ ~ ~ c k ~ e ~ @ u m / 3 1 4 / 7 8  and AIChiek- 

enlBelgiua138411978. Both strains belong to the same serotype Hrtv2Mav,; 
their HCPX and IVPI were negative. Strain 31 4 was isdated &om a floeff Qf 
10,800 six week-old ducks affected by respiratory and nervous spptoms. 
At necropsy, the main lesion found was pdyserositis, The mortality 
associated with the disease reached 18% but resulted f h m  a mixed infec- 
tion of the ducks with PasteurekHa antipestifex and Influenza virus. Virus 
384 was isolated in a flock of 1,500 laying hens, 32 weeks old. These birds 
experienced a mortality of 2.5% in two weeks and a drop in egg produe- 
tion of 15%. Lesions of trseheitis and congestion of the liver and spleen 
were observed in these chickens, 

One influenza virus was isolated in 1919: AfChicIrenBeI&~mB18I"79~ 
This virus belongs to the Hav6N2 seotgpe; its ICPT: and IWf were 
negative. This virus was isdated &on a Buek of 5.91s h~611g hears, 47 
weeks old. The affected birds showed a mucous to pseudornenhr-. e . $ ~ ~ ~ s  
enteritis, a blueish coloration of the comb and a drastic drop in egg p m  
duction (30Q/oL The lesions found in dead birds were dkteIHi0n of the 
crop, dehydration, enteritis, congestion of the liver, swelling of the 
kidneys with urate deposits, congestion of the ovaries and pressnee of 
broken follicles- 

Hematological examination of sick birds reveared the existence of an 
elevated monocgtosis. The total mortality reached 26.4%~ during a thee 
weeks observation period. Oral or intravenous inoedation of the virus to 
SPF chickens induced enteritis and munoeytosis but no znortdity. As the 
evohtion of the disease was not stopped by food change and antibiotic 
treataents, the flock was eradicated and the premises fully fisinfeetid 
with formaldehyde. A serological survey made by the Ekemagglutinatiw 
inhibition test on more than 2200 sera taken from 50 different bfing armd 
breeding flocks located in the infected area established the absence of 
spreading of the virus. 



and 0. Strain 405 was isolated in a flock of 4000 laying hens, 36 weeks old 
showing a drop in egg production of l09b without excessive mortality. Le 
sions of tracheitis and liver congestion were observed in the affected 
chickens. Strain 407 was isolated in a flock of 36,542 thee week d d  
broilers, having respiratory disorders. The main lesion in these birds was 
also traeheitis. Both strains belong to the HINT serotype. 
As a eonelusion we may note that different serotypes of Influenza 

viruses are not frequently but however regularly found in domestie 
poultry affected by different efinical conditions, AX1 the isdated viruses 
may be elassitied in the lentogenic or mesogenie types but some 
discrepancy may be observed between field pathagenicity and Iaboratory 
tests. 

Table I : Avian Influenza virus isolations &I Belgium 

Laying chickens 

Laying chickens 

Laying chickens 
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Hav& chez des poules pondcuses atteintes de rnorzmytase &&e. Cornp, Lrnmaa. 
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and 0. Strain 405 was isolated in a flock of 4000 laying hens, 36 weeks old 
showing a drop in egg production of 10% without excessive mortality. Le- 
sions of tracheitis and liver congestion were observed in the affected 
chickens. Strain 407 was isolated in a flock of 36,542 three week old 
broilers, having respiratory disorders. The main lesion in these birds was 
also tracheitis. Both strains belong to the HI& serotype. 

As a conclusion we may note that different serotypes of Influenza 
viruses are not frequently but however regularly found in domestie 
poultry affected by different ethical conditions. AEI the isolated viruses 
may be classified in the ientogenie or mesogenie types but some 
discrepancy may be observed between field pathogenicity and Isboratory 
tests. 

Table 1 : Avian Iduer-za virus isoheons inr Belgium 

Laying chickens 

Laying chickens 

Laying chickens 
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GerHmd Lang 
Ontario Veterinary College 

University of Guelpb 
Guelph, Ontario, Canada NBG 2WI 

Avian Influenza was not on official records in Canada until the end sf 
the year 3962; up to  then Newcastle disease was the most serious 
recognized virus problem in poultry. The emergence of avian influenza as 
a veterinary problem can 52 attributed to two impulses. Firstry, the 
diagnostic methodology for influenza viruses beanaa simtpZ~ed in the 
30's and 40's by the use of embsyonated n's eggs for virus isdation and 
propagation, and the hagglutination (HA) and HA.-inhibition EIIl tests 
introduced practical means for sgeeific serodiagnosis. These methods. 
pioneered by medical laboratories, found widespread adoption iw 
veterinary Jaboratories during the 50's. The other contributing f~.':.,-r .-re 
on the $isease situation was the drastic change in poultry rearing *om 
the small diversified family farm with a few baekyrtrd fowl to the 
specialized hrge scale and very competitive agribusiness of todag's 
poultry industry. The hmennse eance~~tratkn and esraEmement of young 
susceptible birds created a new and very favourable situation far the 
spread of viral infections. h addition, diseases of relative mildness to the 
individual bird, often overboked on the family farm, became serious 
problems on industrial farms when thousands of birds failed to grow, or 
to lay eggs, in accordance with very narrow production performance re 
quirezcents. The tendency of such problems to spread to other flocks adrH- 
ed to the poultrymen's ahrm, and they sought assistance frm the 5y 
now better equipped podtry diagnostic services. 

The interplay sf these factors led to the recognition in Canada of a 
steadily increasing number of influenza outbreaks since the winter of 
1962163 (Table 1). Turkeys were mostly affected, and very rarely duck- 
lings, but never chickens. This observation & surprising, since not. only 
were chickens the principal victims of the hist~rial episodes of hw11 
plagde in Europe and North America, but the chicken popuktion is at 
least ten times more numerous than the turkey po@atisn in Canada, and 
in Ontario in particular. The data presented originate mainly kana On- 
tario, where over 400h of the Canadian poultry hdnstzy & located. 
Disease statistics at the Ontario Veterinary College list 69 iduenza out 
breaks in poultry froan the early 60's to the early 8Ws. Outbreaks occur- 
red annually during the first decade, and declined progressively diming 
the second decade to  a level of near issigeificanee, although farmers were 
by then well acquainted with the i9Braema problem. The reduetioa of in- 
fluenza eases is essentially the result of the recognitio~ of wiMIife in- 
fluenza as a permanent and dominant source of turkey influenzaa Initial 
assumptions that the influenza viruses were circulating in the turkey 



population, as influenza viruses do in humans, horses and swine, could not 
be substantiated. While influenza did break out recurrently on certain 
large turkey farms, the infecting viruses were of different antigenic 
types (Tabk 4) thus must have been inkoduced on the premises anew 
from outside sources. Our experience indicates, that simple sanitation 
after an outbreak suffices to eliminate the viruses effectively, and never 
did we encoucter in Ontario a situation where turkey influenza became 
enzootic. Influenza seems, however, enzootie on duck farms, but corn- 
plaints from farmers were few during the two decades of poultry 
diagnostic activities covered by thjs ~eport; only two instances of duck- 
ling mortality investigated yielded influenza .viruses, but in both cases 
pathogenic bacteria were also found in the carcasses, and no definite 
pathogenic effect to ducklings could be demonstrated experimentally 
with the influenza isolates (unpublished data). A third avian species af- 
fected by influenza was brought to our attention from Quebec, where 
pheasants reared on a game farm wers striken by the virus. 

Recent investigations on influenza in Canada's wild bird fauna (Him 
shaw et al., 1978179; Thorsen et sl, 1980; Boudreault et aL, 1980) have 
brought out new features of the influenza epidemiology, in particular the 
rich variety of virus antigenic types circulating in this ecosystem Tabk 2 
attempts a consolidation of the data from these studies. Although not an 
exhaustive reflection of wildlife iarflnenza in Canada, the table projects a 
trend of prevailing serotypes on the basis of the frequency with which in- 
dividual serological combinations were detected in isolates. But above all, 
the table indicates that every hernagglutinin type of the Iatest influenza 
classification system fSchild et al., 19 0) has been found in the country, 
Superimposed on the tabulation of wildlife serotypes arc the seratypes 
identified in Canadian poultry (dark framings). Since we can safely 
assume that every influema antigenie type c z r ~  infect turkeys a 
hypthetieal. vaccination program f o ~  domestic turkeys would require a 
vaccine encompassing most or all hemagglutinin types, a difficult and 
costly proposition. It is common knowledge that, despite numberless at- 
tempts, vaccinatian has not achieved a lasting reduction of influenza in 
:rumans, horses or swine. The main reason for the poor influema ipamuni- 
ty is the short lifespan of humoraf antibodies, which is variable from one 
species to another, but particdarly short in turkeys immunized with inac- 
tivated or low-virulent five virus preparations lMarayan et ak., 1910; 
Rouse et al., 19713. 

The discovery of the permanent influenza virus reservoir Ln wild birds 
and its quasi exclusive role as sovrce of infection for domestic turkeys 
suggests a more pmmising method of influearn control on tur-kep farms. 
This method is based on the strict separation of domestic turkeys and 
chickens from all wild and feral birds. The concept is but a corollary of the 
'all in - all out' rule practiced since the beginning of the poultry industipy. 
Our control method is being put to the test in a research project hvofing 
the two largest turkey breeders in Ontario. The two orgrmiza&ions main- 
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tain about half a million turkeys on several farms at any one time and ac- 
count for about 75% of the yearly hatchery output in the Province. Both 
organizations have repeatedly experienced influenza during the past. 
The program calls for HI svot tests with the six prevailing HA types 
(H4,5,6,?,8,9) of every flock at the age of 22 weeks, and again during the 
laying season whenever the egg yield declines. The supervised premises 
have stayed free of influenza since the beginning of the program in early 
1978 until this spring, when influenza broke out at one farm managed by a 
new and inexperienced employee. This break underlines the importance 
of proper trafnicg of the personnel in the quarantine strategy since these 
persons must fully cooperate and play a crucial role in the identifying 
loopholes in the system through which the domestic birds can be exposed 
to contamination from wild birds. The contamination can not only take 
place by direct contact with wild birds, but also by contamination of feed 
bins or straw and other bedding material stored in sheds and barns ac 
eessible to free-flying birds. The marked reduction in turkey influenza 
has been the most persuasive argument in convincing turkeymen of the 
validity and practicability of this method. 



LANE 

TABLE 1 
ANNUAL FREQUENCY OF AVIAN INFLUENZA OUTBREAKS OlAGNOSED 

AT THE ONTARIO VETERINARY COLLEGE 

Number of I nf 1 uenza Outbreaks 
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TABLE 2 

INFLUENZA A SEROTYPES IN CANADIAN BIRDS 

NEURAMIN1DASE TYPES 

LEGEND = E: EASTERN CANADA. Q: ONTARIO. W: W m E R N  CANADA, DARK 
CASES: SEROTYPES FOUND IN DOMESTIC BIRDS. 
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TABLE 3 

Frequency of Antigenic Types Ident i f  fed in l n f  1 uenza Outbreaks 

i n  Canadian Poultry Diagnosed a t  the Ontan4 Veterinary College 

Antigenic Number of  Outbreaks Diagnosed by: 
TY ~ e s  Virus I s o l a t i o n  Serology Only 

1 (Duck) 
1 (Duck) 
2 (Turkey) 

4 ( 3  Turkey; 
1 Pheasant) HS 7 (Turkey) 

6 (Turkey) 

7 (Turkey) 
8 (Turkey) H6 27 (Turkey) 
6 (Turkey) 

1 (Turkey) 

1 (Turkey) 

Number o f  
Outbreaks 35 
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SEROTY PES OF INFLUEN2 A VIRUSES ISOLATED DURING SUCCESSIVE OUTBREAKS 
AT THE SAME BREEDING ORGANIZATIONS 

I INFLUENZA OUTBREAKS AT TURKEY EREEDER WG-WM 

I f  INFLUENZA OUTBREAKS AT TURKEY BREEDER CY-ST 

I I I  INFLUENZA OUTBREAKS AT TURKEY BREEDER CO-TH 



CURBENT SITUATION OF A W  INFLUENZA 
iN FRANCE 
G. Bennejean 

Laboratoire National de Patholode Aviaere 
B. P. 9 - 22440 Ploufragan 

France 
It seems that the current epidemiological situation in France concern- 

ing avian in%enza is quite clear as far as the information given by the 
diagnostic laboratories is complete. 
In domestic birds, especially chickens and turkeys. no outbreak was 

observed. During the past years two sero10gical surveys were done, the 
first during 1975-16 in poultry flocks by Dr. Fontaine fLyon Veterinary 
School) and more recently during 1980-81 in broiler-breeders, turkey 
breeders and broilers by our laboratory. All AGP serological reactions 
were negative except a very few positive reactions in turkey breeder 
flocks. These sera don't show inhibition with HAV antigens and were ae- 
tualy checked for other specie hemagglutinins. fn I980 an avian infIuenza 
virus (AIV) (HAV6N2) was isolated in the Northern part of France in a 
broiler-breeder flock where sanitary problems occurred. This strain was 
examined in our laboratory and was f u n d  in fact to be of low virulence 
tIVP1 = 0, ICPI = 0). 

In wild birds, especially feral ducks, between 1916 and 1919 AVI has 
been isolated f ~ o m  cloaca1 swabs by Mannoun in the North East of 
France. Four types of hemagglutinin HAV1, ITAVG, HAW, (H31 HSWf 
and five types of neuraminidase N2. NAV2, NAV4, IN1 1, N A V S  et Net@ 
were identified. 

This epidemiological situation showed evidence of circulation of AfV in 
wild birds in France and consequently the risk of infection to  domestic 
birds exists. 

Because in our country, all domestic birds are kept in cbsed poultry 
houses, and no influenza outbreaks have occurred, the infection rate by 
AIV in poultry flocks is very low. Therefore it is suggested that keeping 
domest? birds in closed houses to prevent A N  cantamination by wild 
birds is very important. 



Kennedy Francis Shortridge 
University of Hong Kong 

Wong Kong 

Approximately 36 million domestic poultry were raised in Hong Kong 
for local consumption in 19"O. This comprised only 60°b of requirements, 
the balance being supplied mainly as live birds from neighburing 
Guangdong Province and also from Guangxi Province, China. 

Since November 1975, continuous market surveillance of ducks, geese 
and chickens and local duck farm studies have resulted in the isolation of 
41 different antigenic combinations of influenza viruses from Chinese 
poultry and 21 from Hong Mong poultry. Whereas swabs taken from 
Chinese poultry comprised only 44% of the total samples, they yielded 
85% of the isolates, the most common isolate being If4N6 Obv4NavlL 
Although ducks constituted about 20% of the poultry sold in Rong Kmg, 
because of their considerably higher virus bolation rate, they yielded 
960h of the influenza isolates. The isohtion of these viruses showed a 
cyclical and seasonal trend, being greater in the warm, humid summer 
months. 

All birds sampled were apparently healthy including those from which 
H7N1 (HavlMl) and W?N2 (BavlN2) were isolated; H7N2 infection of ex- 
perimental poultry was asymptomatic. Surveillance of local duck farms 
on which H3N2 (Bav7N21, H7N1, M7N2 and other antigenic combinations 
occurred confirmed the asymptomatic nature of infection and indicated 
(1) faecal-water-oral transmission of virus (2) maintenance of virus by 
regular (monthly) irrtroducti~~ of ducklings onto the virus-eontaminated 
pond and (3) tirds>70180-days-old were essentially free of detectable 
virus. 

Whilst only limited data are availabk for isolates from domestic quail 
and pigeon (and even less from feral and migratory birds), it seems likely 
that, as no outbreaks of disease attributable to  influenza have been 
recorded in Rong Kong during the period of surveillanee, avian influenza 
is of limited pathogenicity in the local poultry. 



STUDIES ON THE ECOLOGY 
OF A V M  INFLUENZA VIRUSES IN ISRAEL 

M. Lipkind, Y. Webman 
Esther Shihmanter & D. Shoham 

Kirnron Veterinary Institute 
Beit Dagan, P. 0. Box f 2, Israel 

Israel is a unique place for the studies on the ecology of avian influenza 
viruses because of its geographical, ecological and econom.ica1 
peculiarities; i.e., its location along the main flyway of feral birds migrat- 
ing from Eastern Europe to Africa and highly developed poultry in- 
dustry. Systematic studies in this field were established in Israel in 1978. 
Since then trachea1 and cloacal swabs were taken from 1409 birds in- 
duding 473 domestic nodtry: turkeys (3321, chickens (56) and ducks (85); 
and 936 feral birds: mallard ducks (471, teals (311, pintail ducks (41, coots 
(641, moorhens (121, roek partridges (1261, cattle egrets (991, pigeons a ~ d  
doves (137), starlings (2821, quails (351, krks (20) and other various species 
of migrating birds (79). A total of 29 influenza viruses has been isolated 
The majority (24) of the isolates were derived from the feral birds: mal- 
lard ducks (161, pintail ducks U), coots (41, roek par3ridges (2) and starlings 
(1). Five isolates were derived from the domestie poultry: turkeys (21, 
(21, chickens (1) and ducks (2). Besides, three unidentified hemag- 
glutinating agents lisolated from turkeys in the past - 1971,1913 and 
1978 - and preserved in a viable form up to now) were identified retroae- 
tively as influenza viruses. Five serologicdly different influenza A 
viruses have been identified: W?NI, H7N2, ElQN4, HllN3 and H5N2- Of 
these combinations, E5N2 was found in all the  three retroactively iden- 
tified isolates from turkeys and was not found in the recent isdations, 
M7N2 combination being m e  frequent was isolated from the turkeys, 
chickens, mallard ducks and ruck partridges and H7N7 combination was 
isolated from the starlings. The latter isolates which are serologidy 
similar by hemagglutinin antigen to f ~ w 1  plague viruses (the isolate from 
the  starlings is serologically identical to AI FPVf Dutch! 2'7r!W7N7) p m  
totype strain by both bemagglutinin and neuraminidase antigens) ap 
peared to be avirulent to chickens, turkeys and ducklings (the studies an 
pathogenicity were performed by Dr. D. 3. Alexander). 
One of the studied cases has offered evidence suggesting immediate 

epizootioIogica1 connection between occurrence of influenza among the 
andlard ducks and influenza outbreak in a turkey farm. The case is that 
about 200 ducks were found dead in fields located about 1.5 km from the 
turkey farm in which a month later the influenza outbreak was observed. 
From each of the 15 ducks taken at random for investigation, iduenzzr 
viruses were isolated which were serologically identical to the isolate 
&om turkeys in hemagghtinatitln inhibition, neuramkidase inhibition 
and double immunodiffusion tests. 
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INTRODUCTION (1872-1972) 
Early studies by Perrsncito and Rivolta, Dd Prato I18?8-1880) de- 

scribed a new disease entity in chicken, not caused by bacteria, called 
typhus ermdativw gaUinamm (from the gelatinous or fibrinous exudate 
lining the serous cavities), later called peste aviare (fowl plague). In 1901- 
05 another epizootic wave of the disease was observed in Italy. The 
disease spread also to other European countries. In 1901 - three years 
after the discovery by Loeffler and E'rwch of the fiterability of fmt and 
mouth disease virus - Centanni and Savon~zzi showed that the agent of 
fowl plague passes Chamberhod filters. Transmission was at6:e~rnpEshed 
by subcutaneous inoculation of organ suspensions and by the oral route  
The faeees were shown to be infectious.' 
The virus was highly pathogenic for chickens, pheasants, guinea fowl 

and turkeys. The disease was very frequent in Northern Italy but out- 
breaks were observed in the South: 800 pheasants of the Roy& Reserva- 
tion in Capodimonte near Naples showed a 96016 mortality, Water fowIs 
usually appeared resistant to the virus, but there were reports of the 
susceptibility of mallard ducks and geese. Thrushes were very suscepti- 
ble as were also budgerigars and cockatoos. Already In the first years of 
the century the observation was ma4e of natural "host range mutants." 
During the following years until the early 30's the disease continued to 

ravage the country, until it extinguished itself by 1937, when the new 
epizootic of Newcastle disease took over. During one of the East outbreaks 
of the fowl plague in 1935, Cominottiz isolated from chickens the strain 
presently known as strain Brescia, recently identified as Eavl NP. This 
strain, sometimes erroneously called 1902, should be correctly MeEed 
chickenlItalyBrescia/1935. No further outbreaks of influenza A were 
reported in Italy for about 30 years, until the late Dr. R i d d i  and his 
group a t  Pavia, in cdiaboration with Dr. Pereira of the WHO Influenza 
Center in London started a series of studies (1 96M8) isolating in Lombar- 
dy (Pavia, Milan01 many strains from ducks, quails, turkeys, pheasants 
and chickens? 

Most strains were related to the serotype quaiVItdyll17!65, later 
shown to be Hav2 Neq2. A few strains were serobgieaHy different, 
possibly related to turkeylMassaehusettsI65 (Haffi N2). In the same 
period in Veneto (Vieenza, 1967) we isolated two strains of the Hav2 Neq2 
serotype in Japanese quail.'O Common characteristics of the disease in 
the 196568 in turkeys and quail were respiratorg symptoms with 
variable mortality, up to 80?4a in turkeys and up to 71% in quail. The 
laboratory tests showed that the Hav2 Ne92 strains isolated were af in- 
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termediate virulence. In Veneto (Vicenza) during the years W91@'71 we 
isolated from quail 5 additional strains. probably related to H a d  Neq2." 
In  Southern Italy (Naples) a strain of influenza A (If? N?) was isolated in 
1969 from a respiratory disease of turkeys? 

RECENT OUTBREAKS (1973-1980) 

The first isolation of influenza A virus from affected turkeys in NE Eta- 
ly (Veneto) was made in 1973, but until 1975 the outbreaks of the disease 
were sporadic and limited to a very narrow area. During the month of 
December 19764 episodes in broile: turkeys were observed with an 
enhanced frequency in animals older than three months, in farms situated 
in the scuthern part of the province of Verona. From 1911 to 1979 out- 
breaks of the disease spread to a much wider area covering most of the 
province and probably nearby provinces" 

The number of the disease outbreaks and the ser01ogicdIy positive 
groups of turkeys in the province of Verona showed a steady increase 
between 1st January 1971 and 1st September 1979. The seasonal in- 
cidence of the disease was quite marked and the outb~eaks sf  influenza 
were observed as a rule during the autumn and winter months, except in 
1979. when the disease lasted &om January to September. In these 9 
months 441200 i220h) of the groups of turkeys examined had shown 
serological evidence of infection with the influenza virus PXavd N2 sub 
type- 

The sudden disappearance of both disease outbreaks and serological 
evidence of infection after 1st September I919 coiaeided with the in- 
troduction of much stricter hygiene and control measures. 

CZi7tical picture. 
In affected flocks al turkeys showed signs of sneezing and lacrimation 

with anorexia, prostration and fever. Some birds showed swelling of In- 
faaorbital sinuses and nasal mucous for purdenrt) discharge. The disease 
signs usually lasted about 10 days after which the birds returned to nor- 
mal. Mortality varied &om one to six per cent in different groups. In rare 
cases where the animals were less than 3 months old (two outbreaks in 
five and seven-week-old birdsf about 40°h of the birds showed s w e k g  of 
the infraorbital sinuses with a fibrinous or caseous plug. Ira these birds up 
to 200h rnorfdity occurred during the acute stage of the disease.5 

Post mortem examinations revealed mainly infratorbital shusitis and 
seromucous rkinitis- Tracheas were usually congested, sametimes with 
mucofibrinous plaques. Edema of the lungs was seen and sometimes bron- 
ehopneumonia. In s m e  outbreaks secondary infections from E. c& and 
p. mzdtocida were observed: in these cases mortality reached higher 
levels. 
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Pathogenicity tests. 

Intravenous pathogenicity tests m 6 week-old-chickens were perfom- 
ed on 7 isolates of Hav6 N2. Six strains, each produced an index of 0.00. 
For strain A 303/78 an index of 0.E was calculated, one bird showing 
slight symptoms. 

With the intranasd and contact pathogenicity tests on 2 week-dd- 
turkeys, a pathogenicity index of O.? was obtained for directly infected 
birds and of 0.5 in contact turkeys, for the isolate A 21/56. On the whde, 
the strains should be considered of low virulence. It is interesting tbat 
most isolates were very resistant to pH 4:' The virus could be isolated 
from the faeces 60 days after the beginning of the symptoms. 

With the exception of a Hav2 N2 isolated in 1977, the numerous 
isolates of the Hav6 N2 from turkeys in Veneto, 1973 to 1979, were iden- 
tical with very little evidence of antigenic drift! This may be indicative 
of an endemic iofection among these birds. 
In 1974, in Lombardy (Pavia) a Hav6 N2 was isolated from turkeys, 

probably introduced from Veneto. 
In Loabardy in this period a strain of Hav2 Neq2 from a swaliow was 

isolated in 1917, during a survey of migratory birds? The infeetion. prob- 
ably came from domestie fowls which were antibody positive. In the same 
survey performed in 1976 and 1971 all isolation attempts from numerous 
migratory birds (Anatidae and a rook) were negative.' 
In Emilia (~or lb  a Hav6 N2 was isolated in 1979 from guinea fowls.$ In 

the year 1980, the outbreaks were sporadic- 

A single strain of a new serotype Have NavP was isolated in turkeys in 
Veneto NeronaP where HavG N2 was previously prevalent. 
During this year one more outbreak was diagnosed in turkeys in Lam- 

bardy (Bergam01 due to Hav5 N2P This same strain was aIso isolated from 
hens with a drop in egg-produetion, in the same area. 

The strain prevaknt in quails from 1965 (Ha* Neq21 was again 
isolated in this species in Veneto3 in 1980, 
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INFLUENZA IN FOWLS 

After the first description of "fowl plague" as s disease of fowls in Italy 
in 1878 (Perroncito cited by Stubbs, 19651, the disease appears to have 
become widespread throtzghout Europe and persisted there during the 
end of the 19th and begin~ing of the 20th ee&uries. Outbreaks of "fowl 
plague" occurred in Great Britain in 1422 and probably in 1929  advisory 
Committee an Pgultry Disease, 19511. However, in the era following the 
identification of "fowl plague" virus and other virus pathogens of fowls as 
influenza viruses, which began in 1955 @chafer, 19551, only one report of 
influenza virus infection of chickens has been made in Great Britain. This 
was an outbreak of virulent disease of chickens in Scotland which m- 
curred in 1959 (Wilson, cited by Pereh ef d, 1965). The causative yims 
was later typed as AIChiekentScotlland/59 185 Nll. 

Since 1959 no reports of disease in fowls in Great Britain attrihtabk 
to influenza virus infection have been made. In view of the suseeptibility 
of chickens to influenza viruses in laboratory experiments @ h a g a n  et 
aL, 1969; Alexander et aL, 1978; Westbury et at. 19791, lack of eEniwl 
signs in the fieid may, in the absence of a systematic survey, be regarded 
as evidence that commercial fowls in Great Britain are free of influenza 
virus infection. 

INFLUENZA IN TURKEYS 
Influenza virus infection of turkeys was first reported in Great Britain 

in 1963 by Wells (1963) when a fully virulent influenza virus was isolated 
from turkeys in Norfolk showing severe disease. Between 1964-1978 
isolations of influenza viruses of low virulence from outbreaks in turkeys 
were made in 1966, 1969, 1970, 1973, February k 9 7 b n d  October 1917 
(Madeley et aL, 1971; Allan et aL, 1940; Alexander et  aL, 1978). The an- 
tigenic characterization and pathogenicity indices of these viruses are 
shown in Table 1. Generally these viruses were associated with mild 
respiratory disease and egg laying problems in the field outbreaks. 
Ty/Eng/69 produced the most virulent clinical signs of the sirs viruses and 
over a lkday period 6% mortality was seen in the turkeys in which the 
outbreak occurred (Allan e t aL, 1970). Ty.IEngI647E77 was of considerable 
economic importance to the turkey producer concerned in the outbreak 
as it caused complete cessation of egg laying in the breeder flock fr.oarr 
which it was isolated. All the outbreaks in turkeys up to 1979 appeared to 
be distinct, isolated occurrences and on no occasion was evidence of 
spread detected. 



Between March and May 1979 a series or' influenza A v k u ~  infections 
were detected on turkey farms in ErigIand and eight infxue~za viruses 
were isolated from turkeys on differant affected farms (Alexander and 
Spackman, 1981). Altogether 16 fams were shown to be affected by In- 
fluenza virus infections. Fourteer +< these farms were situated in Nor- 
folk, one was in Suffdk Cbut undel- the same ownershiv as aEected farms 
in Norfolk) and one farm, appare ttly uaasssckted - .h those in Norfolk, 
was in Hertfordshire. The eight riruses isdntd on 3 "deFent sites were af 
H7N3 (two), H7N2, H7N7 (three), HlNl and XI! !A. subtypes; while 
serological evide-ce of IP? ink tions were deteeted tiri 8 sites and 3310 i ~ -  
feetion on one otI,er site. The I IN7 viruses isdated &om two sites (three 
farms) under joint ownership rere extremely virubnt vhruses and birds 
were slaughtered under FowU pest 5mX plague) LegisIatitm (Alexander 
and Spackman, 1981). The cff .-id signs seen on the affected farms and 
the characterization of the vb x e s  are summarized in Table 2. 
The overall pattern of the I919 outbreaks suggests that several sub- 

types of influenza virus wer2 introdwed to a number of unrelated foci. 
Some evidence of spread an ongst dasely situated farms under the same 
ownership was evident, pre: -imabfp due to the agency of man, but no fur- 
ther spread was apparent. 

As a result of the unpr -.cedented n ~ m b e r  of outbreaks seen in 1979, 
two surveys of turkey , ~ c k s  were undertaken. Both surveys were 
restricted to Norfolk anci the area of eastern England eonsidered to be 
most at risk and where turkey farming is most intensive. The surveys 
were done in conjunctua with two multisite producers. Ic Survey I, 
which covered a six rrxmth period, ten serum and ten cloaca1 swab 
samples were submitted from each flock, both breeders and fatteners. of 
one of the producers. In Survey If 20 serum samples, and oecasionaUy 
cloacal swabs, were *#,ken from eaeh Bmk d y  at end of lay 448-50 weeks 
of age). Serum samples were tested by agar gel precipitin tests to Influen- 
za A ribonwleoprotein (Beard, 1970) and by haemagglutination inhibition 
tests. Cloaca1 swabs were passaged two or three times in 9-day-daf em- 
bryonated chicken eggs. The sveraBf results of the two surveys are sum- 
marized in Table 3. The four sites oa which positive sera were detected 
were known to have beell affected during the spring ~f 1979 (sites MorfoIk 
- 3, Norfolk - 4, Norfolk - 6 and NsrfoIk - 101 and haemagglutination 
inhibition (MI) antibodies were against the same haemagglutinin s u b  
types as previously seen on these farms. No new sites showing evidence 
of influenza virus infection were detected. No viruses were isolated from 
birds on any of the sites tested, as part of the surveys, ineluding those 
with serologically positive birds- 

INFLUENZA IN COMMERCIAL DUCKS 
Influenza vircises AlduckiEngiandfD6 (HI1 NGI and AlduekfEngtandfiZ 

(H4N8) were isolated from the same duck farm as a result of ilvestiga- 
tions of outbreaks of chronic respiratory disease fSimmins and Asplin 
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cited by Roberts, 1964, Roberts, 1964). During 1963-1978 there were no 
reported isolations sf influenza virus from commercial ducks in Great Bri- 
tain. 
In August 1979 influenza A viruses were isolated from cornmercid 

ducks showing respiratory disease on a fattening farm in Norfolk (Alex- 
ander e t uL. 1981)- The disease continued to reappear in birds introduced 
onto the farm and, over a six month period, further isolations of influenza 
viruses were made (Table 4). Serum samples were also taken at each of 
the occasions listed in Table 4 but none of these showed positive 
precipitin lines in agar gel precipitikl tests to influenza. A ribonucIeopru 
tein or gave positive titres in haernagglutination inhibition tests to the 
viruses isolated (Alexander e t al. 1981). 

During the summer of 1980 a survey was undertaken to examine duck: 
carcases at several Norfolk slaughter houses for influenza viruses. 
Cloaca1 swabs were taken from the dead birds and pooled in batches of 
ten. Thirty-two influenza viruses were isolated front the Erst 68 pods of 
swabs examined. The details of these isolations antigenic cbracteriza- 
tisn of the viruses are given in Table 5. V h s e s  were isdated from birds 
sampled at three slaughter houses and implicated several farms in- 
cluding that farm from which viruses had been isolated e a r k  in 1980. 

DISCUSSION 
Migratory water fowl have been shown to be carriers of influenza 

viruses (Easterday, 1975; Lvov, 1978; Binshaw ef d, 1980: Hannoun and 
Devaux, 1980) and it has been speculated that outbreaks of influenza in 
turkeys, both in Great Britain and the United States of America, have oe- 
curred as a result of introduction into the area by such birds (Wells, 1963; 
Alexander e t  aL, 1979; Alexander and Spackmsn, 1981; Bahll et at 197% 
Whether transmission from infected waterfowl to the turkeys mewred 
directly, by an intermediate host, such as small wild birds, or mechanical- 
ly is not known. Turkeys are generally kept in eonfhement in Great Bri- 
tain and this may, in part, account for the relative freedom from disease 
compared to turkeys in the U.S.A. 1Mf et aL, 1979). Eoweuer, the 
buildings used to house turkeys are not usually as substantial as those in 
which chickens are housed and are certainly not proofed against invasion 
of small birds. This may account for differences io the fiecpency of out- 
breaks of influenza in turkeys and fowls. In addition, at the time of the 
outbreaks in turkeys in 1979, which correlated with the passage of 
several species of water fowl. through Norfolk, damage hs;d occurred to 
many of the turkey houses as a result of the harsh winter and high winds, 
so that access was particularly available. Although some ducks were kept 
in confinement, fatteners are generally kept in open fields and would 
seem even more at risk: to influenza infection from wild birds than 
turkeys. This could account for the ease and frequency with which 
viruses have been isolated from commercial ducks since 1979. Duck$ are 
particularly refractory to infection with even the most virulent. influenza 
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viruses for other birds (Alexander e t  aL, 1978; Westbury et ak, 1979; 
Slemons and Easterday, 1972) and it may be that the lack of reports of in- 
fluenza in commercial ducks between f962-lW9 is because such infections 
are normally inapparent. 

In conclusion, it would seem that the current situation of influenza 
virus infections of domestic poultry falls into three categories, each 
relating to a different species of bird. In chickens there is no evidence 
that any influenza outbreak has occurred since 1959. In turkeys isolated 
mtbreaks of influenza virus infections have been s e w  fairfy reguhr1g 
since 1963, but there is no evidence that the i~fluenza viruses have re- 
mained endemic in the national turkey flock. Evidence from cornmercid 
ducks since 1979 suggests that influenza viruses may be continually pres- 
ent on some duck farms. Whether this represents repeated r e  
introductim to the ducks or spread of virus from one batch of birds to the 
next is not clear, 
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Site 

Norfolk - '1 
1Jarfolk - 2 

Norfolk - 3 

Norrollc - It 

Norfolk - 9n 

Norfollc - gb 

NorfoUs - 6 

Norfolk - 7 

Norfolk - 8 

Norfolk - 9 

Hert f ordshirl 

Buff olk 

Norfolk - 10 

Age of 
turkeyo 
.n wecke 

Summary of'c l inical  ~ i g n s  and characteri7ation of virusen involved 

i n  influenza outbreaks i n  turkeys i n  1979. 
. . 

Clinical signs 

Mild respiwtory sign0 

Respiratory signs 1% ~;lortality 
i n  ono week 

Severe respiratory signs 
Fall in egg production, 
1% mortality 
High mortality - auddon d ~ a t h s  

High ~nortality - sudden deaths 

Resniratory signs, rise in  
murtali ty  

ito"k drop i n  cp;g produotion, 
s i ck  birds, some deaths. 

Sudden deaths 

W13. in eKg productian 

Unusual. deaths amongst  stag^ 

No eigna 

2% white misshapenf' ogga 

Virus iaolatod/serology 

* S i t e  Norfolk4 coneistad of four, & h t Q  awned, very clocaly e i turst~d farms a l l  at' which were rrerologioally posi t ive .  

* *  XW3; %ntravan~us prathoponioi ty index fn of x-vosk-old chickens. 

Bite8 are listed i n  chronological order. of virus itiolation and eerctlo@csl detection i n  the lab~ratory and do nat neceasaril;. 
rolate to onnat or detection o f  c l inical  signti. h"or tho Iiorfolk and Suffalk s i t e s  the outbre~ks covered a period fran the 
f i r a t  weak in Muroh to the firat we& In  April* A/ty.f6n&BC/79 w m  isolated i n  err fy  May but alinScaZ a ims  had bs~n 
aeon i r  the infooted flock i n  April* 
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AVIAN INFLUENZA ]IN GREAT BRITAIN 

Table 5 

Isolation of influenza viruses from duck 
carcases at Norfolk slaughterhouses 

during June-July 198Q 

Slaughterhouse Date Viruses isolated 
a subtype number 

26.6-80 H4N2 1 
H4N8 I. 
H9N8 I 
H3N? 1 

not typed 1 

a: all isolates were from pools of ten chacal 
swabs except:- 

b i  two isolates from nasal swab pools 
two  isolates from eye swab pools 
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In Germany, as in many parts of the world, the size of poultry farms 
and the methods of animal husbandry used are such thi; they would br- 
ther the spread and persistence of highly contagious virus infections like 
influenza A. This agent, however, has apparently not played a signii5ant 
role in the etiology of the various clinical diseases occurring in domestic 
poultry. Outbreaks of clinical influenza have not been recorded for 
domestic chickens, turkeys or ducks in Gennany, with one exception. 
SCHETTLER (1) isolated influenzavirus type d $A;&.uekfGemanyI 
1868M; Rav6N1; R6N1) from domestie dueks during aE outbreak of 
respiratory disease in 1968. Whether this isolate was the on$ agent. in- 
volved in the etiology of the disease remains doubtfuf, since an attempted 
experimental reproduction of the respiratory symptoms in d u c ~ g s  p m  
ved unsuccessful,' 

We can only speculate upon this somewhat puzzling situation. In Ger- 
many, poultry farms are generally located in isdated areas, am3 there 5s 
little traffic or contact between them. Furthermore, chickens and 
turkeys are kept indoors so that feral fowl can be ruled out as 
transmitters of influenza, although they are a reservoir for many an- 
tigenie subtypes? 

Another possible source of infection in Germa~y, name$, imported 
psittacine birds do not seem to be of importatnee as a reservoir &om 
which influenza A could spread to domestic fowl. Attempts in o m  
laboratory to isolate influenzaviruses from psittacines imported &om 
Africa (Senegal, Tarznic), Asia (Indonesia, Singapore1 and South 
America (Peru, Bolivia, Ecuador1 shortly after their arrival in Gemany, 
and during quarantine, were also unsuccessftll. Durixrg the period P978 
80, a total of 357 samples from various specks were investigated. 
Newcastle disease virus was isolated 10 times from the imports. 

These findings are surprising and do not correlate with data published 
by others.x4*Vn England, influenza A viruses were isdated from dead 
birds arriving at the airport in about 25% of an shipments. and in Japan 
sk23r results were obtained. HavlNeq2 IE3N8). which resembles strain 
A/ ducki lkrainel U 63, and Kav4Neq2 (H4N8) strains were the main 
isolates. The significance at these findings is difficult to assess, espetially 
when one keeps in mind the numerous idiueriza A virus isdates tha$ 
b e  been isolated from migrating feral birds. 

We have collected 3421 swabs during 1918-1980 from a number of dif- 
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ferent wild avian species, and have investigated them for fnflnen- 
zaviruses. The results clearly show that different antigenie subtypes of 
influenza A viruses are present in various parts of Germany. 

Table 1 shows a list of species from which tracheal or c1oacitI samples 
were obtained, t l : ~  number of birds investigated from each species, and 
the number of isolates obtained from the different groups of birds. They 
mainly comprise songbirds, geese, ducks, and other waterfowl. 

Sixty-four influenza A virus strains were isdated from these Girds. In 
addition, 31 Newcastle disease viruses and 43 avian paramyxovimses 
were isolated from the  same group of birds. 

The different combinations of hemagglutinin and neuraminidase an- 
tigens of the influenza A isolates obtained are listed in Table 2. All 
hemagglutinin subtypes, except R5 (Hav51, H8 (Hav8). H9 CHav9) and BfO 
(HavP), HI2 (HavlO!, and all neuraminidase subtypes, except N4 (Nav4). 
were demonstrated in differeat combinations. The most frequent com- 
binations were H3N8 (MavWeq2) and R1N3 (Hav3Nav2-3). These results 
show that all influenzavirus A isolates were made from waterfowl Cducks 
and coots). Songbirds and geese did not yield infk 3nza A viruses. There 
was a marked variation of isolations by years: in 197W8, influenza A 
virus isolates were made from 61531. ducks; in 1979, 411949 ducks and 
coots; and in 1980,111829 ducks and coots. These results correIate with 
observations made by others.kT. and Easterday. personal mmmunication 19T8 

Especially noteworthy are two isolates containing If2 antigens which 
are found mainly in human influenza strains. One Isolate had the an- 
tigenic configuration M2N2 (prototype strain AISingapore!1/5TL Another 
isolate was an H2M3 (H2Nav2-3; prototype strain AfducWGermangfl31. 
Serological comparisons of the hernagglutinin of the isolated strains show 
a dose antigenic relationship with the pandemic human strain AISinga- 
porell/5?- 

Similar strains were isolated previurrsly2 and further work IS required 
to demonstrate more precisely how close the relations are between these 
viruses. 
Of great interest was the finding that ducks harbor influenza - 

viruses that  are antigenically related to swine irrfluenza virus strains. 
The first isolation was made in Canada by ITINSHAW et alP in 1976, and 
only a short time later similar viruses were isolated in the US, in Iiong 
Kong and by us in Germany? 

Hemagglutinin and neuraminidase antigens of these isdates were an- 
tigenieally very similar to the classical swine influenza viruses, although 
not identical. The base sequence homology of AlduekiBavaria/'?T to seg- 
ment 6(NA gene) is 86%, which is in accordance with our findings that 
these strains carry a N1 neuramindaseJ0 SCHOLTISSEK and PON 
HOYNIGEN-HUENEIQ further investigated the genetic relatedness of 2 
AldueklBavsria/?T (HlNI) isolates to other avian strains using homology 
hybridization techniques with the RNA of segment 8 (NS gene). They 
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found a base sequence homology of 459'0 with fowl plague virus RNA, and 
81°h with the RNA of virus N, indicating that the duck/Bavaria!71 
isolates are not directly derived from swine virus. One ducklBavaria/TZ 
strain infected 6-8 week old pigs after experimental application, and 
there was evidence (virus isolations) for natural transmission to contacts, 
although there were no or only minimal clinical symptoms and no sr- 
tibody production to the agent? These experiments clearly indicate that 
avian-derived viruses can infect and spread in a mammalian popuIation. 

While we were still considering the importance of these findings for 
the epidemiology of influenza in animals and man, an outbreak of natural- 
ly occurring influenza was reported" in Belgium, from which were 
isolated strains of HswlNl (HINU closely related to the  strains from wild 
ducks in North America and West Germany referred to previously, 
Several outbreaks of influenza were observed in Belgian swine farms 
starting in January 1979. The outbreaks were characterized by fever, dry 
cough, and anorexia. The majority of the sows and weaned pigs beanre 
sick, whereas suckling pigs were exempt or only slightly affected. Msr- 
tality was low, and recovery was uneventful. Altogether 6 identical in- 
fluenza A viruses were isolated from pigs during these outbreaks, and in- 
fection with the isdate AlswineBelgiurn/f!l9 was confirmed by 
demonstration of a rise of specific HA antibodies in animals on two farms. 
The antigenic characterization of the A(swinelBelgium/W9 isolate 

revealed a N1 neurarninidase type, and in fremagglutinatioa-inhibition 
tests, the only significant reactions were obtained with chicken antisera 
to the two duck strains, Alberta176 and Ba~ariat??.~~ 

Table 3 shows the results of HI tests with these isolates in comparison 
with a number of other influenza A viruses. Whether the strain contains 
an A/N3/?6 component for which we and others have some indications, re- 
mains to be resolved. Limited genetic investigations of the Belgian 
isolates revealed, however, that these viruses differ in their bme se- 
quence homology of segment 8 (NS gene) from the dueklBavarialU7'1 
isohte. The Belgian isolates show a homology of about 9094.1 with the fowl 
plague virus. Identical results were also obtained with more recent (1980) 
duck isolates with the antigenic configuration (HIMI; EswINU, i.e., the 
isolake Alduc klSehleswig/4/80 ISCHQLTESSEK, perscmd communication 
1981). The results show very clearly that more than one subtype occurs of 
the avian duckderived HswlNI viruses, and that genetic materid from 
either fowl plague virus or virus N is probably involved to a high degree 
in the NS gene of the duck type MswKP strains. 
W e  might add at this point that experimental infection of adult swine 

with two isdates IAiswine/Befgium/'79/I and 2) did not result in overt 
disease. Infeted animals, however, showed low titer antibody production 
to the homologous strain. We postulate, therefore, that HswlN1-like in- 
fluenza strains which infect ducks under natural conditions can w a s  an 
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assumed avian to  mammalian species barrier. Such strains thus far show 
genetic material sf fowl plague virus origin. What role these strains may 
play in the ecology of influenza is difficult to  assess at the present time. 

Table 1 Total no. o f  birds by species and no. o f  virus isolates 
obtained over three years of surveil lance (1378-f 980) 

Bird species 

Other water 
fowl (geese, 
rails,gulf s) 

Domes t 3 c 
poultry 

Psi ttacines I (imported) 

no, of no, o f  paramyxo- 
i n f  I uenza A-v i  rus virus i sol ates 

isolates i nc l  . NDV* 

*()= NDV 

Tab1 e 2 Comb: n a l i  ons o f  hemaggl u t i n i  n and neuraminidase antigens 
of avian influenza A virus isolates obtained over three 
years of susvei I 1 ance 6 I W8-Tg8O) 

(in brackets): previous influenza nomenclature (1971 system) 
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DR. ROSENWALD: The question is to Dr. Badman. Were the isdates 
from swine that you described at the end of your talk examined for 
virulence? 
DR. BAGHMAN: Virulence studies for chickens just one, and for 
ducklings we haven't done them yet. I can't tell you anything-No. The 
one virus was not pathogenic for chickens. 
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A severe respiratory symptoms with high mortality (about 75Ob, 
6001800) was noted in a flock ducklings of Iweek-old at Tansui in Map, 
1972. 

A hemagglutinating virus was isolated from trachea 2nd lung of mori- 
bund ducklings in duck kidney cell cultures or embryonated chicken eggs- 
It could agglutinate erythrocytes of many mammalian or avian species. 
The physical and chemical property tests revealed that the isolste 
belonged to influenza virus. The hemagglutination-inhibition test and 
neuraminidase-inhibition test indicated thzt the isolate was composed of 
the Have N1 antigens. The virus was designated as A/DucklTansui!72 
tHavG NU. 

Sera from 89 duck farms in 12 counties throughout. the country were 
subjected to HI tests against four different strains of duck influenza virus. 
(Table 1) Results indicated that there were positive farms in many coun- 
ties. However, no other clinical case was noted, and no virus was isolated 
from the serologieally positive farms. 
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Table I. 

Survey on H I  Antibody of Avian Influenza 

i n  Republic of C h i n s  

I lan 

Taipei 

Tau yuan 

Hs i nchu 

Miaul i 

Ta i chung 

Tainan 

Kaosh iung 

P i n t w 3  

Tai t ung 

Hwal i e n  

Ponf u 



EPPDEiKIOLOGY OF A W  IBIF'LUENZA AND SOURCES 
OF INFECTION IN DOMESTIC SPECfES 

PERSPECTIVE 
The term "fowl 

Kennedy F. Shortridge 
Department of Microbiology 

University of Hang Kong 
Pathology Building 

Queen Mary Hospital Compound 
Hong Kong 

plague" was ascribed to early disease outbreaks 
amongst domestic chickens and was subsequently associated with bola- 
tions of influenza A viruses later identified as of the antigenic combina- 
tion W7N7* (formerly HavlNeql). In more recent years, largely as a 
result of extensive surveillance s f  avian species, domestic and d d ,  in the 
quest to obtain background information on sources of human influenza, 
there have been numerous isolations of influenza viruses, the majority of 
which were from apparently healthy birds. The disease causing potential 
of these isolates is unclear. In some instances, antigenically identied 
viruses may be pathogenic or apathogenic for different species CAkn et 
a1 1977; Slemons and Easterday 19'72). 

The term influenza for many implies respiratory infection but in avian 
species it tends to be of an intestinal nature. A significant factor in the 
large number of influenza virus isolations made in recent years was the 
finding that many more viruses could be isolated from the cloaca than the 
trachea (Rosenberger e t  a3 197'4; Slernons and Easterday 1975). 
Multiplication of influenza viruses in the duck intestinal tract was 
subsequently confirmed by Webster e t  a1 (1978). The demonstration that 
the cloaca was a plentifd sousce of influenza viruses was, I believe, the 
starting point of a period of heightened interest in influenza nitturd 
history which led to the recognition of a vast reservoir of influenza 
viruses in avian species in the latter part of the East decade. 

In respect of domestic species, commercial pressures arising from food 
preferences have resulted ia a bias in the  availability of data on species 
susceptibility. Outbreaks attributed to avian influenza which have af- 
fected turkey raising farms particularly in North America, have resulted 
in considerable data being available for this type of bird whilst in 
Southern China, where the turkey is not raised on a commercial basis, no 
comparable data are available and the susceptibiIitp of the domestic 
poultry of this region was hitherto unknown. The studies on domestic 
ducks, geese and chickens conducted by the author in Hong King [Short- 
ridge. e t  a3, 1977 and 1979; Shortridge 1980, submitted far publicattion) 
represent the only long term continuous study of such birds and are used 

*Subtype designations are in accordance with the revised system of nomenelatwe for in- 
fluenza viruses (WHO 1980). 
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here as the basis from which to extrapolate the possible overall incidence 
and implications of avian influenza for domestic species. 

VIRUS ISOLATIONS 
A long term surveillance study at  a local dressing plant of ducks, geese 

and chickens originating from Southern China including Hong Kong was 
commenced in November 1975. The isolation frequencies from apparently 
healthy ducks, geese and chickens, respectively, were 16:3:1 (Table 1). 

The classic fowl plague antigenic combination H7N7 has so far proved 
to be a conspicuous absentee from the range of Hong Kong isolates with 
the H7 subtype present in only two combinations in duck isolates (Table 
2). Whilst the observed antigenic combinations essentially cover those 
resulting from disease outbreaks in turkeys in North America and the 
United Kingdom, especially the H6 (Hav6) subtype (Alexander 1980; Bahl 
et al 1979; Pomeroy et a1 19801, the H8 (Hav8) haernagglutinin has still 
only once been recorded in domestic poultry during an epizootic in a 
Canadian turkey hatchery tLang e t  a1 1972). The most frequently record- 
ed combination was H4N6 (HavQNavl) which comprised approximately 
one fifth of the Hong Kong isolates. 
Range of an tigenic corn binations 

To date, WHO (19801 recognizes 3" haemagglutinin and 9 neusamini- 
dase subtypes giving rise to a theoretical pool of 108 distinct antigenic 
combinations, 41 of which have been recorded amongst the Eong Kong 
isolates. 

Statistical analyses of these isolates over five years' surveillance have 
suggested that some combinations may not occnr for rndecular reasons 
or if they do they are selected against in nature Gardner and Shortridge 
1979; Shortridge, submitted for publication). As recombination (genetic 
reassortment) has been shown to occur in the intestinal tract of ducks 
during mixed infection (Hinshaw et a1 1980a1, it is possible that some less 
commonly recorded antigenic combinations, for example H4N1 (Hav4N1) 
and H3Nl (Hav'TNl), may be a consequence of such an event and repre- 
sent less stable recombinants derived from more stable parents prevail- 
ing in the duck populations. 
The marshalling of migratory birds prior to winter migration may gre 

vide the best situation for recombination to occur in nature, Zinshaw et 
a1 (1980b) recorded 27 different antigenic combinations over a three year 
period of study of wad waterfowl in Alberta, Canada contrasting with the 
47 recorded in the "static'" domestic ducks examined in Eong Kong (Table 
2). This was in spite of the fact that the frequency of virus isdation from 
Canadian waterfowl (up to 60%) was much greater than the 6.5% 
observed in Hong Kong ducks (Table 1). These very different bird popula- 
tions, one domestic and ooe wild, provide pools of virus wherein intensive 
multiplieatioa and interchange may occur; the combinations recorded in 
Hong K m g  possibly approach the limit of the range of viable viruses 
within nature. 
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Do the observed isolation frequencies and antigenic combinations 
represent actual occurrence ? 

The work of Bannoun and Devaux (1980) and Hinshaw et al(l980a) has 
recognized the existence of mixed infections in wild ducks. Similarly. two 
and even three antigenic combinations have been recorded in domestic 
poultry (S hortridge e t  a1 1977 and 1979: Markwell and Shortridge, submit- 
ted for publication). In infection experiments on Hong Kong varieties of 
domestic dueks, geese and chickens using a duck isolate H7N2 fRavlN21, 
a seemingly silent virus H6N2 (Hav6N2) was detected only in geese after 
H7N2 excretion had ceased. When the original isolate was trezted with 
specific antiserum and reinoculated into embryonated eggs, the  H6N2 
virus was expressed implying that i t  was originally present in a totally 
non-avid form (King and Shortridge, unpublished data). Species specifici- 
ty was apparent and this may be a contributing factor to  the  different 
isolation frequencies and observed antigenic combinations in geese and 
chickens compared with ducks, considerations that might also apply to 
turkeys. Apart from the inherent problems of the production of in ovo 
recombinants, these findings question the sensitivity of the embryonated 
hen egg as an initial isolation system- 

Causative agent? 
Neweastle disease virus (NDV) is welt documented in its disease pr* 

dueing capacity, infection ranging from subclinical to fatal. On the other 
hand, although influenza viruses have been isolated from diseased 
poultry, the question arises whether or not they are the causative agents. 
NDV may be andernie or may be introduced onto farms in which influenza 
virus is asyrnptomatically present. In view of the different biophysical 
and biochemical characteristics of these two virus groups, is it safe to 
assume that the observed isolation of either one is a true indication of its 
actual occurrence? 

To test this possibility, embryonated eggs. the conventional isolation 
system for both categories of virus, were mixedly infected with H9N2 
(Hav9N2) and NDV (Table 3). H9N2 was preferentially isdated over NDV 
even when NDV was in excess in the inocdurn. Similar experiments were 
done with H4N6/NDV and H5N3 (MavSNav2)INEV mixtures which 
resulted in the preferential isolation of influenza viruses. Hence, the 
ascribing of an influenza aetiology to certain disease outbreaks mag- be in 
doubt. Studies with the avian paramyxoviruses also indicate that their 
isolation rates may not represent their true incidence in aature fShort- 
ridge, Unpublished data). The role of these viruses as possible causative 
agents of disease should not be overlooked. 

If it is aecepted that  there may be doubt as to the  absence of NDV in 
diseased poultry from which influenza viruses have been isolated, then 
we must also consider the possibility of concurrent infeetion with other 
organisms whose presence may or may not interfere with the detection of 
the causative agent. Such organisms as Myeoplassna, SaEmoneUa, 
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Pasteurelh and Coccidia may be carried by podtry but to date it is not 
known whether or not they have a synergistic effect when present with 
influenza. 

Serology a a guide to occurrence of vims 

One fifth of the influenza viruses isolated from domestic ducks sampled 
in Hong Kong were H4N6 with an over& isolation rate of 1,40!h (Table 41, 
Serological evidence of infection by this virus was nil whereas in the case 
of H9N2, an infrequent isolate with an iso1attEon rate of O.2%, 6% of the 
sera tested were positive. This suggests that the more commonly en- 
countered viruses may be better adapted ta the duck and are less likely 
to produce an immune response. Experimental infection of ducks with 
these antigenically distinct, viruses are in accord with the surveillance 
findings (Cheung and Shortridge, unpublished data). Serologid 
surveillance may be of some value in limited situations perhaps showing 
up species specificity for partitsular haemagglutinin subtypes or antigenic 
combinations. 
SEASONAL VARIATION 

The observed isolation rates of influenza. and par-samyxoviruses over 
five years' surveillance of domestic ducks in Hang Ksng, when expressed 
in four monthly intervals, exhibited a trend related to seasonal variations 
(Figure 1). In the warmihot, humid months horn March ts Oetober, in- 
fluenza viruses predominated whereas in the eooUcold, dry rnoaths from 
November to Februimrg , the converse was true. There are two deviations 
from the idealised pattern; in Navember 19?WFebruary I978 when there 
were more influenza viruses isolated than expeetied and in November 
X978IFebruary 1919 when there were fewer paramyxoviraeses isdated 
than expected, differences that may be due to sampling phenomena, 

These seasonal variations may represent the true iaeidenee of these 
viruses in nature reflecting basic differences in their stabsty or some 
other physical parameter. Alt~mativeiy, because of the pssslbk insnffi- 
ciency of the isolating system referred to earlier, the influenza isolates 
may be masking the true incidence of the par~myxovhses, 

SOURCE AND Sf READ 
Routes of transmissicm 

There is strong evidence that influenza infection ia~ ducks is nrediated 
by the faecal-water-oral route in that these viruses a n  be frequently 
M a t e d  from pond water and faeces (Milarkwell and Shortrklge, submitted 
for publication) and that in Hong Kong, @baed isdates predominate over 
tracheal (Table 5)- In contrast, isolates &om chickens show no difference 
in the tracheal and doacal is~lation rates. Pt might be reasohable $0 infer, 
bearing in mind the coprophagous habits d ducks. that the less aquatic s 
bird is, the more likely it is to be susceptible to transmission by the 
respiratory route. Influenza isolates from turkeys have come mainly from 
the trachea and these birds are readily infected by virus aerosols {Easter- 
day, f9-Z). 
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The isolation of influenza viruses from cloaca1 swabs and the results of 
investigations into the sites of replication of these viruses in avian 
species (Webster et al1978), have reinforced the view that they replicate 
largely in the intestinal tract. However, both the reproductive and in- 
testinal tracts open into a common site and the possibility of replication 
in the ciliated epithelium of the magnum should be considered. Cir- 
cumstantial evidence is available to show that NDV may be transmitted 
vertically (Laneaster and Alexander 1975). The similarity of epithelial lin- 
ings in both respiratory and reproductive tracts invites closet investiga- 
tion to  establish whether or not influenza viruses may be maintained or 
transmitted by this route. 

Regional factors 
While migratory birds may contribute to a pool of viruses in nature, 

the agricultural economics of Southern China seems to have unwittingly 
provided a huge reservoir in which a great diversity of viruses occur. 
Contributory factors to this include - 
1. The Pearl River delta is a rapidly prograding delta ideal for raising 

ducks. Large numbers are to be found in the fower delta in "open 
farms" where water eornprises approximately onequarter of the sur- 
face area. 

2. Ducks are an important food item in the diet of the Southern Chinese 
and are intensively raised in the region. 

3. Virus is transmitted in the countless duck ponds of the region by the 
faecal-water-oral route and is maintained by the regular introduction 
of susceptible ducklings onto infected ponds. 

4. The delta area, particularly the marshes and mud flats, supports con- 
siderable bird life and is attractive to overwintering and migratory 
birds especially waders which move along the east Asian coast, are 
conditions favourable for interaction between domestic and other 
species. 

5. Virus appears to be spathogenie for ducks (and other poultry) in the 
region. 

Dissemination of virus 
The interaction between the vast domestic duck population of 

Southern China and wild birds which might be considered carriers of in- 
fluenza virus provides an ideal milieu for the dissemination of viruses 
over long distances. Migratory birds pass through the region at times 
when the influenza isolation rates from the ducks are still high, Known 
flight paths of migratory and &he: birds indicate that there is the oppor- 
tunity for birds from different regions to interact directly, or indirectly 
through intermediate species. resulting in widespread exchange and 
spread of viruses. 

While domestic ducks of southern China represent an important fwus 
or gene pool of influenza viruses. a great diversity of viruses has slso 
been isolated from wild birds. Possible reasons for this include CH wild 
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birds comprise a far greater range of species than the few domestie ones 
(2) the birds studied have derived from a vast geographical area, almost 
global (3) the concerted effort made in recent years to study the influenat 
viruses of these birds. Apart from the iscktion of B5N3 (Bav5Nav2) frmn 
a cdony of dead terns in South Africa (Becker 19661, most isolations have 
been made from healthy wild birds and it is not known to what extent 
they suffer from disease and thus their ability to disse 
apparent susceptibility of non-domestic species to influenza irafeetiort may 
be adduced from the frequent isolation from dead aged birds at interns- 
tional airports of viruses of the H4N6 (Rav4Nsvl) and H3N8 '8HsvTNeq25 
antigenic combinations, the same as those most frequently in domestic 
ducks in Hong Ksng (Alexander et a1 1977; Matsuoka et al1979; Herome 
et  al2978). 

A pertinent factor in the spread af virus is the daraticpn of virus shed- 
ding in the faeces of wild birds. EinsETaw e% af &X%@ observed t k t  BIN1 
(HswlNf S virus isolated from a m a l k d  
from experimentally infected ducks, ems 
two weeks usually observed for isolates from domestie species. 

exist in nature. Because wild 'oirds ecimprke a. grater range of species, it 

a large number of isolates obtained from mailarc$ ducks assembledin 
Alberta b e h e  the 19% winter migration CHinshaw and Webster, 1979; 
Kinsbaw et al 1980M. The N12NB virus was subsequently kxdated four 
years later on a single sampking mcasion kam scmtbern Chinese damestif: 
ducks. Notwithstanding sampling factoss, it might be reasonable l o  infer 
that (1) this virus nay have been introduced by migratory birds and (2) 
failure to isolate the viruses is indicative of the domestie duek's inability 
to maintain the virus. Experimental infeetion of domestic dn&a with 
H12N5 virus did not lead to significant virus shedding (Cure and Short- 
ridge (Unpublished data). Further. the H8 subtype was first recogpized in 
a virus (H8N4 (Hav8Flav41) isolated from fatalities in an episode in 1967 at 
an Ontario turkey hatchery fLang et d 1972). Subsequent f&hre to 
detect the H8 subtype in domestic species suggests that it is a rase sub- 
type probably limited to wild birds in certaia ec settings as in- 
dicated in recent standies IHannr~un and Devaux, 1980: H1askw et a1 
1980b). 

COMMENT 
Continuous exposure of aquatic birds to wakerbrne inBuema infee- 

tions as in the ease of domestie ducks on the duck ponds of Southern 
China, has perhaps rendered them less susceptible to the disease causing 
potential of the virus. The possibility exists that these vimses survive as 
normal flora, particularly in the intestinal tract. Thus. it may fo&m that 



the more land based the poultry the greater is its susceptibility t4 
disease following exposure to the virus, henee the economic significance 
of turkey infections. As the tendency develops towards farming these 
birds in more intensive, yet more protected environments, the Less 
chance there is of their being exposed to the introducti~n of influenza 
from wild species. Early reports of "fowl plague" were at times when 
chickens were not intensively raised under cover and there is little 
evidence today that influenza is of significance to the chicken industry. 
However, NDV is still a problem and it is possible that the reduetion in in- 
fluenza infections in chickens may be relevant to the expression of 
New castle disease.* 

Alterations to farming practices which minimise contact with wild 
species may lead to a situation wherein certain iduenza viruses may 
become endemic. This becomes particularly relevant as turkey raising 
tends towards a year-round oper~tion. It should also be noted that if the 
raising of ducks becomes more economically attractive, changes in 
husbandry may result in their being farmed in more bad based environ- 
ment. A recent study on diseased birds grown on stubbte&mss as cp 
posed to  ponds implicated influenza as the causative agent (Alexander et aI 
1.9811. 

*Limitations of the ernbryonated egg may lead to the preferential isolation. of influenza 
viruses over NDV and other avian patamyxoviruses; the possibility that the kt* group of 
viruses may be causally associated with diiease in poultry in general should nat be exduded. 
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Table 1 ,  Isolation of influenza A viruses from domestic 

poultry originating from southern China including Hong Kong 

at a Hong Kong dressing plant, November 1975 to October 1980 

Type of No. of 
poultry swabsa 

Virus isolations 
Number Percent Ratio 

Duck 8737 564 6.5 16 

Goose 1353 15 1 . I  3 

Chicken 1708 7 0.4 1 

a Total of swabs from trachea and cloaca 
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Table 2. Antigenic combinationsa of influenza A viruses isolate3 

in Hong bng f r o m  domestic poultry November 1975 t o  October 1980 b 

a Subtype designations are in accord with the revised system oE 

nomenclature for influenza viruses (WHO, 1980) 

Studies ai a Hong Kong poultry dressing plant (Table 1) and on 

local duck faws 
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Table 3. Identity of isolates obtained f r o m  mbryonated eggs mixedly 

infected with. influenza and Newcastle disease viruses in differing ratios 

Influenza virus Cif9N2) dilutions ---+ 

xoO 10-I 

- denotes virus not isolated. 

Z The titre of each virus was adjusted t o  10 EIDSO/O.f ml. Equal 

-6 
volumes of each virus over the 10' through I0 range were mixed in 

chequerboard fashioa and 0.1 mX aliquots inoculated into two 

embryonated eggs per mixture and incubated at 37% for 48 hrs. 

Allantoic fluids with haemagglutination act ivi ty  were examined in 

haemagglutination inhibtion tests  using H9 and MDV antisera. 
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Table 4. Cornparism o f  virus isolation and serology as indices  of 

virus infection in domestic ducks sampled a: a Hong Kong dressing plant 

V i r u s  isolation Serology 

Per cent isolation Per cent samples 

froa swabs a b 
positive 

a Tracheal and cloaca1 sources 

Sera examined in hawagglut inat ion inhibition (HI) and neuraminidase 

inhibition tes t ,  Hf titres of positive sera ranged from 10 to 60, 
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Table 5. S i t e  of isolation of influenza A viruses front domestic 

podtry at a Hong Kong dressing plant 

Type of V i r u s  isolations 
Site of No. of 

Swabs 
Rat io  

poultry sample Ntxtnbar P e r c e n t  Cloaca/Trachea 

Duck 

Goose 

Cloaca 4168 

Trachea 4569 

Cloaca 661 

Trachea 692 

Cloaca 1014 
Chicken 

Trachea 694 





EPIDEMIOLOGY O F  AVIAN INFLUENZA 

ACKNOWLEDGEMENTS 

This work was supported in part by Research Grants AF 52504 and A1 02649 ftom the Na- 
tional Institute of Allergy and Infectious Diseases. 

REFERENCES 

Alexander, D. 9. iP980). Isolatio2 of influenza viruses from avian species in Great Britain. 
Comparative Immumlogy, Microbiology and Infectious Diseases 3,165170. 

Alexander, D. J., Allan, W. H. & Sillars, T. (1977). koht ion  of myxoviruses from dead birds 
arriving at Heathrow Airport, London. Jotcml ofHygiene, Cambridge 79,243-247. 

Alexander, D. ,T., Spackman, D., Gough, R. E., Borland, E. D. & Stuart, J. C. (19811. Isolation 
of influenza A viruses from commercial ducks on a farm in Norfoik during August 1979 to 
March X$l8O. Avian Pathology In press. 

Allan, W. H., Alexander, D, J., Pomeroy, B. S. & Parsons. G. (1977). Use of virulence index 
tests for avian influenza viruses. Avian Diseases 21,359-363. 

Becker. W. B. (19661, The isolation and classification of tern virus: inffuenza virw A/ Tern( 
South Africa1 1961. Jwuml of Hygiene. Cambridge 64,309320. 

Bahl, A. K., Langston, A,, Van Deusen. R. A.. Pomeroy, B. S., Newman, J-, Karunakaraa. D- 
& Halvorson, D. (1979). Prevention and control of avian influenza in turkeys. Proceedings 
of the 83rd Annwl Meeting of the United States A ~ i m a l  Health Association, pp. 355363. 

Easterday, B. C. (1975). Anm,,! influenza. In The influenza viruses and infIuenza. E. D. 
Kilbourne ed., Academic Press New York. San Francisco, Londm, pp. 449431- 

Gardner, I. D. & Shortridge. K. F. (1919). Recombination as a mechanism in the evolution of 
influenza viruses: a tweyear study of ducks in Hong Kong. Reviews of Infectabus 
Diseases 1.885-890. 

Hannoun. C. & Devaux, J. M. (19801. Circulation enzootique permanente de virus grippaux 
dans la baie de la Somme. Cmpanztiue Itxmunology, Microbiology and Infectious 
Diseases 3, 177-183. 

Winshaw, V. S. & Webster, R. G. (1979). Characterization of a new avian influenza virus sub 
type and proposed designation of this haemagglutinin as HttulO. Jmml of General 
Virology 45, 751-754. 

Hinshaw, V. S., Bean, W. J., Webster, R. G., & Sriram, G. f19803. Genetic reassortment of in- 
fluenza A viruses in the intestinal tract of ducks. Virology 102,412-429. 

Hinshaw. V. S., Webster. 3. G. & Turner, B. i1980b). The perpetuation of orthomyxoviruses 
and paramyxoviruses in Canadian waterfowl. C a d i a n  Journal of Mimobiology 26, 622- 
629. 

Lancaster, J. E. & Alexander, D. J. (19'75). Newcastle disease virus and spread. Canah 
Department ofAg~cl t l fure  Monogr~ph No. 11. 

Lang. G., Tumova, B- & SchiId. G. C. (1972). A new subtype of type A influenm virus isolated 
from turkeys. Bulle tin of the World Health Organization 47,515519. 

Markwell, D. D. & Shortridge, K. F. Water-borne transmission and maintenance of influenza 
viruses in domestic ducks. Submitted for publication. 

Matsuoka, Y., Kida, H. & Yanagawa. R. 11919). IsoIation of an influenza virus subtype 
Hav4Navl from a budgerigar. Microbiology and Immunology B,35-38. 

Nerome. K., Nakayarna, M., Ishida, M.. Fukumi. H.. Butterfield. W, K.. Webster, R. G, & 
Campbell, C. R. (1978) Isolation and serological characterization of influenza A viruses 
from birds that were dead on arrival a t  Tokyo airport. Archives of Virology 57.261-270- 



Rosenberger, J. K., Krauss, W. C, & Slemons, R. D. (1974). Isolation of Newcastle disease and 
type-A influenza viruses from migratory waterfowl in the Atlantic flyway. Avian 
Diseases 18,610-613. 

Shortridge, K. F. (19801. Isolation of or the  and paramyxoviruses from domestic poultry in 
Hong Kong between November 1977 and October 1978 and comparison with isolations 
made in the preceding two years. Research in Veterinaq Science 28,296-301. 

Shortridge, K. F. Avian influenza A viruses of southern China: ecologiaI aspects and implica- 
tions for man. Submitted for publication. 

Shortridge, K. F., Butterfield, W. K., Weoster, R. G. & Campbell, C. H. tX971). Isolation and 
characterization of influenza A viruses from avian species in Hong Kong. Bulletin of the 
WOTM Health O~ganization 55,1520. 

Shortridge, K. F., Butterfield, W. K., Webster, R. G. & Campbell, C. H. (1919). Diversity of in- 
fluenza A viruses isolated kom domestic poultry in Hong Kong- Bztlktb of the WmI& 
hfealth Organization 57, 465-469. 

Shortridge, K. F., Alexander, D. 3. & Collins, M. S. (1980). Isolation and pnperties of viruses 
from poultry in Hong Kong which represent a new (sixth) distinct group of avian 
paramyxoviruses. Journal of General V i ~ o b g y  49,255262. 

Slernons, R. D. & Easterday, B. C. (1972). Host response differences among 5 avian species to 
an influenza virus - AlturkeylOntariol773fSI~ (Hav5NT). BuZZetin of the World Bealtk 
Organization 42, 521-525. 

Slemons, R. D, &- Easterday, B. C. 11975). The natural history of typeA influenza viruses in 
wild waterfowl. In Wildlife Diseases. L. A. f age ed. Plenum Press New York, London, pp. 
215224. 

Webster, Ii. G.. Yakhno, M.. Hinshaw. V. S.. Bean. W. J, &- Murti, G. [1978f. Intestinal influen- 
za: replication and characterization of influenza viruses in ducks. Vi~ology 84,268278. 

World Health Organization (19801. A revision of the system of nomenclature for influema 
viruses: a WHO Memorandum. Bzllletin of the World Health Orga7tization 58.585591. 



M. Lipkind, Y. Weismam, Esther Shihmanter 
and B. Shoham 

Kirnron Veterinary Institute 
Beit Dagan, Israel 

Some geographical, ecological and economical peculiarities of Israel as 
a Middle East country make it a unique place for studies on the eeology of 
avian influenza. First, Israel is located along the main flyway of feral 
birds migrating from Eastern Europe (mainly European part of USSR) to 
North-East Africa (Fig. 1). Secondly, Israel has a highly developed 
poultry industry which is run throughout the country in farm villages of 
two kinds: moshavs with individual poultry farms containing 1,000 to 
5,000 birds and kibb~tzes  which are communal farms with large poultry 
houses containing tens d thousands of birds. The third peeuhrity is a 
relative isolation of Israel from neighboring countries, resulting in the 
absence of any poultry trade between them: this situation presents ar- 
tificial control conditions for a natural experiment on elucidation of the 
possibility of interspecies transmission of influenza viruses from wild 
birds to poultry 

Systematic studies on avian influenza were established in Israel in 
1978, both feral and domestic birds being covered by the research. The 
domestic birds, including turkeys, chickens and ducks, were surveyed in 
the case of information sent by local veterinarians about any respiratory 
disease occurring in kibbutz or moshav poultry farms. As to the feral 
birds, their catching was carried out in cooperation with the Department 
of Zoology of TeE Aviv University, Israel Reservation Committee and 
Israel Hunter Association. 

MATERIALS AND METHODS 
Cloaca1 and tracheal swabs were used as the main field source for virus 

isolation (Lipkind et  aL, E979a,b,c; 1980a). Sometimes, in the case of 
domestic birds, organ materials such as trachea, lungs and brain were 
used. The propagation of the field materials through embryonated eggs, 
titration of hemagglutinating (HA) agents, their passaging, performance 
of nenraminidase CNase) reaction, HA inhibition (HI) and Nase inhibition 
(NU tests were perf~rrned according to the "Advamed Laboratory 
Techniques for Influenza Diagnosis" Palmer et  aL, 1975). Serological 
identification was carried out using goat monospecific antisera from 
Influenza Reference Center kindly provided by Dr. R. G. Webster (St. 
Jude Children's Research Hospital, Memphis, USA), as well as complete 

*A revised system of nomenclature for influenza viruses IBuII. WHO 1980,58,585591) is used 
for designation of influenza virus strains. 
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rabbit and ferret reference antisera from the 'World Influenza CenEer 
kindly provided by Dr. J. J. Skehel (National Institute for Medical 
Research, London, England). Double immunodiffusion tests (DID) were 
performed as described previously (Lipkind et al., 1980a1, using 
preformed gel plates (Meloy, Springfield, VAT USA). 

RESULTS 
Table 1 shows the scope of avian species which were surveyed and the 

number of influenza virus isolations. As it can be seen, most of the work 
was done with feral birds, including various species of waterfowl 
(mallard, teal and pintail ducks, as well as mots and moorhens), starlings, 
rock partridges, quails, cattle egrets, larks, pigeons, turtle doves and 
some other species. A total of 30 influenza viruses was isolated. Most of 
the isolates (24) were derived from the feral birds, mainly from waterfowl 
(mallards, pintail ducks and coots), and also from rock partridges and 
starlings. Five viruses were isolated from each kind of poultry raised in 
Israel; turkeys (3), chickens (1) and ducks 12). 

I n  addition to the viruses isolated within the last 3-year period, a 
number of unidentified HA agents isolated in Israel in the past (by 
veterinarians deaIing with Newcastle disease virus) and luckily 
preserved in a viable form up to now were included into the studies. 
From this source 3 HA agents isolated from turkeys in 1971, 1973 and 
1978 were identified retroactively as influenza viruses (Lipkind et al., 
198Ob). 

Table 2 presents characterization of the outbreaks of influenza 
registered in poultry farms, including those "old" outbreaks from which 
the unidentified HA agents were isolated and identified as influenza 
viruses retroactively. All the outbreaks were characterized by mild 
respiratory syndrome with low to moderate mortality. The outbreak in 
the  breeder turkey farm in rnoshav Ramon was characterized by sharp 
drop in egg production and by some other symptoms of affection of 
reproductive tract. 

Table 3 presents the list of the influenza virus straios isolated in Israel 
up to now. All the "old" strains isolated from turkeys in 1911-1918 are of 
the same antigenic composition which did not occur among the more 
recently isolated strains. The prevalent subtype among the "new" strains 
is H7* and the prevalent HA-Nase combination is M7N2, which was 
isolated from turkeys, chickens, mallards and rock partridges. These 
strains being serologically identical to  fowl plague viruses (the isolate 
from starlings is serologically identical to the. A/FPV/DutchR7 tIf7N7) 
prototype strain by both HA and Nase antigens) appeared to be avirulent 
to chickens, turkeys and ducklings. The studies on pathogenicity were 
performed by h. D. J. Alexander (Central Veterinary Laboratory, New 
Haw, Weybridge, England). 
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DISCUSSION 
The studies on the ecology of animal influenza viruses in Israel have 

shown that influenza viruses circulate in avian populations in Israel, 
including both feral birds and all kinds of poultry raised in Israel. The 
influenza outbreaks in poultry farms were characterized by mild 
respiratory syndrome with moderate losses, the impact being more 
expressed in the case of a breeder farm showing sharp drop in egg 
production (Table 2). There is evidence on considerable influence of 
concomitant infections on severity of the disease, this influence being 
confirmed by experiments on artificial infection of turkeys in laboratory 
conditions (Weisman, unpublished data). As to antigenic composition of 
the isolates from poultry, it is of interest that all of them isolated within 
1911-1981 period had the same N2 subtype of Nase which was combined 
in consecutive order with H5, H7 and HIP subtypes of BAT 

The usual question when a new influenza virus strain appears on 
poultry farms is whether feral, especially migrating birds, were involved 
in the introduction of the "new" influenza virus to domestic birds. In  this 
respect, analysis of antigenic composition of our isolates determined by 
HI, NI and DID tests permits some tentative conclusions about possible 
epizootiological connections. It can be suggested that H5N2 strains eir- 
culated in poultry in Israel during at least 8 years but was replaced by 
R7N2 and HIIN2 strains. Among the influenza outbreaks registered in 
poultry in Israel, there are two cases when the outbreaks occurred twice 
on the same place: (a) moshav Ramon in whieh the first outbreak was in 
1973 and the second one in 1979, both having occurred on the same turkey 
farms and (b) kibbutz Gan Shmuel in which the first outbreak was ob- 
served in 1978 on the turkey farm and the second one in 1988 on the duck 
farm. In both cases, the first outbreak was caused by K5N2 strain, while 
the second one was caused by H7N2 strain in Ramon and by HIIN2 strain 
in Gan Shmuel. In Ramon, the H7N2 strain was also isdated from 
migrating mallard ducks found dead in fields located in about one 
kilometer from the turkey farms on which a month later, the HTN2 strain- 
caused an influenza outbreak (Lipkind et  aL, f979a,b; 1980a). Such 
ecological circumstantces offer strong evidence on interspecies transfer of 
influenza virus from wild migrating ducks "t domestic turkeys. However, 
antigenic similarity between the isolates from mallards and turkeys 
shown by serological methods using non-clonal sera is insufficient for the 
conclusion about the identity of the two strains and, hence, about the 
interspecies transfer of the influenza virus strains. Advaneed analysis of 
influenza virus antigenic determinants using monoclonal antibodies, as 
well as RNA segment analysis of both strains, is needed for the d9cisive 
condusion (Hinshaw et ab, 1980; Sriram e t  aL, 1980). These studies are 
being initiated. 

The influenza viruses from coots (non-duck waterfowl), starIings 
(Lipkind et al., 1919a) and rock partridges were isolated far the  first time, 
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The isolation of influenza viruses from non-waterfowl birds is of par- 
ticular interest. The point is that  the significance of wild ducks as 
carriers of influenza viruses was investigated thoroughly, including both 
ecologically and virologically (Slemons et  aL, 1979, Webster et al., 1916; 
1978; Laver and Webster, 1979; Kida and Yanagawa, 1979; Kocarn et 
a1.,1980; Hinshaw et al., 1980; Srirarn et al., 1980) while corresponding 
knowledge concerning non-waterfowl birds is rather scant. StarIings, 
wintering in Israel, offer a remarkable opportunity for the research. 
They migrate to  Israel from the vast area of European part of USSR, 
cokgregating in millions in some particular places for t he  night. (Yomtov 
et al., 1977; Yomtov, 1980). In the day-time, the birds spread over the 
countryside searching for food and the invading farm yards. up to now, 
and K7N1 influenza virus strain (Lipkind et al, 1979af and a Ientogenic 
strain of NDV (Lipkind et al., in preparation) were isolated from starlings. 
Thus, the ecological peculiarities of this species in I sr .4  make it of 
especial interest to investigate non-waterfowl birds as potential 
reservoirs for circulation of influenza viruses. 
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TABLE 2 

CHARnCTERIZATION OF INFLUENZA OUTBREAKS I N  POULTRY FARMS 

-".- 
DATE OF SOURCE OF ISOLATE ANTI- 

P U K E  OUTBMA K SPECIES CLINICQ-PATROMOXCAL DESCRIPTION MOWXDITY MORTALXTY TS0Wl"l'ON GENIC SUBTYP& 

W O N  Mar. 1979 Turkey 
Coshavl (breeders) Ralcs, sinusitis, nasal discharge, 80% 209 Cloaca1 swab H7N2 

diarrhea, prolapsus of urogenital 
and intestinal tracts? 

Sharp drop i n  egg production, s o f t  
egg shells, shells without contont. 

DEGANIA Jul. 1980 Chickan Halos, pneumonia, tracheltia, 
(kibbutz nephritis, poor weight gain. 

GAN StlMUIL Ibc. 1980 Duck Mild sinusitis, conjunctivitis. 
(kibbutz) 

509 109 Brain H7N2 

30 % 20 Cloacal swab H U N 2  

no data no data Lungs 

GANStMUEL Aug. 1978 Turkey Conjunctivitis, s l n u s i t h ,  909 30% Trachea H5N2 
(kibbutz l pneumonia, diarrhea. 

* 

-8 
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ISOLATION OF IUFLmNZA A VIRUSES 
FROM EXOTIC BIRDS IN GREAT BRITAIN 

D. J. Alexander 
Central Veterinary Laboratory 

New Haw, Weybridge 
Surrey, United Kingdom 

INTRODUCTION 
Isolatiorx of influenza A viruses from "exotic" caged birds were first 

made around 1970 when concern for the role of these birds in the 
devastating epizwties of Newcastle disease virus (NDV) amongst eom- 
mercial poultry in Europe and the United States of America led to in- 
vestigations into the freedom of such birds from certain viruses. Since 
that time many countries have imposed quarantine rest~ictions on im- 
ported captive birds and this close supervision has Eed to $fester 
knowledge of the viruses infecting these birds. 
The number of birds imported into Great Britain each year was 

estimated as between 350,008 and 600,008 prior to 1915 (Inskipp, 1975; In- 
skipp and Thomas, 1976) and i~ 1975 370,619 were imported (Inskipp and 
Thomas, 1976). Quarantine legislation was introduced on %st March 1976 
and the addiiional expense involved in quarantine drastically reduced the 
eumber of birds imported. Only 60,484 birds were imported during March 
to December 1916 (Return of Proceedings under Diseases of Animals Act, 
1950,1977). However, since 197'6 there has been a gradual recovery of ex- 
otic bird trade and figures for imported captive birds in subsequent years 
are: 1917: 121,501,1918: 155,182,1919: 197,120 and 1980: 255,548 (Return 
of Proceedings under Diseases of Animals Act, 1950, 1978, 1929, 1980, 
1981). 
ISOLATION OF INFLUENZA VIRUSES FROM EXOTIC BIRDS IN 
GREAT BRITAIN 

Influenza viruses have been isolated from exotic birds kern three 
sources. 

One of the earliest isolations of an influenza virus fkcm exotic birds was 
made in 1970 by Sollings (personal communication) from a parrot, 
although a virus was also isolated from a cockatoo in that year by Chu 
and Trow (personal communication). Two further isolates were obtained 
in 1972 (Alexander et a& 1974) one from three parakeets ( P s i t W  Spl 
also infected with virulent NDV and one from a sdphuf-crested c d a t m  
i'Cacutwa sulph-ureal- Since 1972 only five other isob.tiom have been 
reported from zoo or pet birds outside quarantine, three in 29"T5, two in 
1976 and one in 1980. These isolates are listed in Table I. 

Numerous birds pass through Heathrow (London) Airport on wa,Ad 
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airlines bound for destinations outside the United Kingdom. Frequently a 
proportion of these birds die in transit and a re  remcved by the  staff of 
the Royal Society for Prevention of Cruelty to Animals' Hostel for 
animals at the airport. Dr. Chu of University of Cambridge, reslising the 
potential of exotic birds for -arrying influenza viruses, began examining 
t h e  dead birds for virus. This work was later continued at the Central 
Veterinary Laboratory, Weybridge after the introduction of quarantine 
regulations (Alexander et aL, 1977). A summary of the viruses isolated 
since 1975 is given in Table 2. 

In Table 2 the influenza isolations have been placed in five groups. 
Prior to 1976 289'0 of the conqignments yielded influenza viruses which 
were all of H4N6 subtype (Chua and Chu, personal communication). Of the  
188 consignments exrerniiled during May 1916 - March I977 26% were 
positive, but in this ease all the viruses were of H3N8. After a period of 6- 
7 months during which time no influenza viruses were isolated, the H4NB 
subtype reappeared and 14 isolations (19%) were made up to July 1978. 
Since that time no influenza viruses have been isolated from this source, 
although over 300 consignments have been examined- 
The consignments from whieh influenza viruses were isolated during 

197&1978 had been dis~atched exclusively from India. However, the 
large number of airports of destination (Table 3) clearly demonstrates the 
potential for spread of avian influenza viruses as a result of international 
trade in caged birds. 

3 Birds Dying in Quarantine 
In March 1976 legislation was introduced which enforced the quaran- 

tine of captive birds imported into Great Britain (Ashton and Alexander, 
1980). Although this Iegislstion was primarily aimed at preventing the in- 
troduction of NDV into Great Britain, influenza viruses have been fre- 
quently isoiated from samples taken from birds dying during the quaran- 
tine period (Askton and Alexander, 1980). Isolations of influenzit viruses 
from this source are summarized in Table 4. A very similar pattern to 
that seen with the viruses from the airport birds was evident with a sud- 
den change in virus subtype. This was even more marked as the last 
H3N8 isolate and the first H4N6 isolate were both made in &me 19'77. 
Two isolates of HION7 subtype were made from dead birds from the 
same quarantine premises in January 1979 and in September 1979 a virus 
of H7Nl subtype (IVgI = 0.00) was isolated. No viruses were isdated 

1 between September 1979 and January 1981. Although there are no 
I figures available for the number of dead birds sampled during this 
I period, the proportion of birds dying was not considered to be dissimilar 

t o  previous years, and in I980 a total of 28 paramyxouiruses were 
isolated which is an increase on the previous years and probably reflects 
the greater number of birds imported. 

Unlike the airport isolates which came from consignments exelusively 
imported from Indian airports, the countries of e x p m t  for the birds in 
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I quarantine from which virus was isolated were more varied: India, 
Ghana, Taiwan, Holland and s o n g  Kong. However, the practice of using 
holding and collecting deports and re-exporting birds means that the 
country of export is not necessarily the couartry of origin of the birds. 
Similarly consignments of birds from different countries may be placed in 
contact either in transit or in quarantine and infection occur as a result. 

Identification of dead caged birds is rarely easy and importers general- 
ly use casual non-specific names for the birds. The birds (where some at- 
tempt has been made of identification) dying in quarantine, from which in- 
fluenza viruses were isolated, a re  listed in Table 5. 

ISOLATION OF 1 NFLUENZA VIRUSES FROM EXOTf C BIRDS EM- 
PORTED INTO OTHER COUNTRIES 
1) United States ofAmerica 

A series of influenza A viruses were isolated from exotic birds in the 
U.S.A. during 1911-72 mainly as a r~srrlt of NDV surveiUanee. The 
earliest of these isolations was in June 19'71,: A/ mynai Massachusettst 71 
(HINB), from a bird imported from India (Butterfield et  a4 1973; Slemons 
e t a4 1973bL 

Other influenza viruses were isolated during January - August 2972 
from a variety of exotic birds, all of which had been imported from 
Thailand or had been in close contact with birds from Thailand after im- 
portation into the U.S.A. (Butterfield eb al, 1913; Slemons et a& 1973a, 
1973b). It was concluded that all these viruses were of H4 subtype 
although the haemagglutinin activity of some of the isoiates was also in- 
hibited by sera to other haernagglutinin subtypes. 

Since these reports there has been little information published on the 
isolation of influenza viruses from birds imported iato the U S A  
However, Pearson (cited in Report of the Committee on Transmissible 
Diseases of Poultry. 1978) reported that in 1977 640 haemagglutinating 
isolates were obtained from 26.552 samples taken from birds in quaran- 
tine. Fifty-three of the isolates were not NDV, one was identified as an in- 
fluenza virus of H4N8 subtype. Pearson (cited in Report & the Committee 
on Transmissible Disease of foultry, 19791 reported the examisation of 
35,501 samples in I978 and 20,274 in January - 3ctoher 1979 from birds in 
quarantine. These resulted in the  isolation 1083 unidentified haemag- 
glutinating isolates in 1978 and 635 in 1979. The agents were mainlp 
isolated from finches, parrots and parakeets and all were apathogenie for 
chickens and turkeys. 
2) Northern Ireland 

McFerrsn et  a1 (1974) reported the isolation of an avirulent influenza 
virus from an African grey parrot Pstttacus e h i t b l  in Northern 
Ireland: - A/parrotlN. Ireland (WkterllVFi-73-6T~'B (RINI). The bird had 
been a pet which had died. The origins of the bird were impossible to 
trace. 
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3) Japan 
Nishikawa et a1 (197'1) reported the isolation of 11 influenza A viruses 

from parakeets imported into Japan from India (6) and Thailand (5) during 
March 1975April 1976. All the viruses were shown to possess N8 
neuraminidase but to fall into three groups of haemagglutinin subtype 
consisting of one, four and six isolates. The group of four isolates were all 
identified as of H4 subtype, these came from parakeets imported from 
Thailand, one in 1975 and three in 1976. One of the other groups was later 
reported as of H3 subtypes (Matsuolra et a4 1919. 

Fukumi e t a2 (1977) and Nerome e t aL(f 918) described the isolation of 22 
influenza viruses, during May-August 1976, from 200 birds imported as  
pets from India or Thailand but found dead or moribund on arrival at 
Tokyo Airport. The viruses were obtained from nine mynah birds 
(Graczla reljg&ostd and three parakeets Psittacuk abxa?zdri& facktd 
from India and 10 mynah birds from Thailand. AH the viruses isolsrtrl 
from the birds originating in India and two from birds &om Thailand 
were of H3N8 subtype, the other eight isolates were of H4N8 subtype. 

During March 1977 - March I978 six influenza viruses were isolated 
from buderigars Mehpsittacus mdxlatud obtained from pet shops, pet 
clinics and a pet bird whdesder in Sapporo, Japan and shown to be of 
H4N6 subtype. (Matsuoka, 19'79; Mitsuoka et at, 197911. 

Ogawa e t a& (1980) list four influenza viruses isolated from exotic birds 
in Japan: Almynahfhkyd2291?7 EI4N6). Almynahl'I'okyoI252CT'f (H4N81, 
AlmynahlTokyd231/7'7 (H3N8) an3 Albubgerigar/Aickiff IT7 CH3NS). 

Stunzner et al41980) reported the isolation of i? influenza viruses fsom 
62 pooled samples from 246 exotic birds imported into Austria from 
Senegal (via Frankfurt, FDR). Sixteen isolates were made from samples 
taken in May 1978 and one from samples taken in June 1978. The viruses 
were subtyped as H4N6 (nine), BllN6 &el, HIIN1 (one) and H4N8 (two). 
Isolates were all from pssserines, mainly finches and waxbilk In- 
terestingly, attempts to isolate viruses from living birds were unsuc- 
cessful. Stunzner et a1 (1980) conclude that these viruses could be 
endemic in birds in Senegal. While this may be likely it should be noted 
that in a survey of 616 wild birds trapped during November 29% - 
December 1977 for export to Europe 23 paranyxoviruses of PMV-2 sub- 
type were isolated but no influenza viruses tFleury and Alexander, 19T8). 
The possibility that the birds arriving in Austria had been infected in 
transit after leaving Senegal should not be overlooked. 

DISCUSSION 

The isolations of influenza viruses from exotic birds from the various 
sources rnentioced in this paper are summarized in Table 6. The isolates, 
from all sources, were mainly of B4 haemagglutinin subtype with Nb or 
M8 neuraminidase up to 1915/19'76 when the predominant subtype 
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became H3N8. However, during 1917, the H4 subtype, again ~ 5 t h  N6 or 
N8 neurarninidase, reemerged as the  most frequently isdated subtype. 
Extreme caution should be exercised in extrapolating these results to the 
situation in wild birds in the countries sf origin. It may be safe to con- 
clude that influenza epizootics have occumd in birds in India a d  South 
East Asia since 1970 involving two changes in predominant subtype, but 
the extreme variations in captive bird trade, the mixing of birds in tran- 
sit or in quarantise, pooling of birds from two countries of origin while 
collecting at a third for export to a fourth country snd other similar prae- 
tices may render other inferences completely erroneous. 

Many of the birds imported into quarantine in Great Britain have their 
stated country of origin as European countries. While it is possible that 
these birds were bred in the country of export it seems more likely tkt 
they were merely collected there from other countries of origin before re- 
exporting. Marked differences can be seen in the sources of birds &om 
one year to the' next (Return of Proceedings Under Disease of Animals 
Act 1950, 19781981) and this may hzve an important bearing on the 
numbers and types of influenza viruses isolated. For example, from Tabb 
6 it can be seen that birds exported from Thailand were frequently the 
source of influenza viruses. The number of birds imported from Thailand 
to Great Britain since 1916 were: 1916: 0,1977: 0,19T8: 10,409,195t9: 7561, 
1980: 10,985. Tha converse is true of birds imported fsom India the 
number of which have fallen drastically: 1976: 6036 WF% of tub1 impor%), 
1977: 26,700 12Z0/b), 19T8: 12,883 IS.Q%), 1979: 4,501 C2.3%), 198k '700 
(0-3%). Since most influenza virus isolates ih Great Britain have heen 
from birds imported from India this may account for the dramatic decline 
in the number of isolates in recent years. However, such variations in the 
number of birds imported may be more rzpresentative of changes in 
travel routes over the years. 

Figures for birds held in quarantine indicate that the country expor- 
ting the largest number of birds to Great Britain during 19761980 was 
Senegal, 253,394 birds 112,055 psittacines, 241,399 passerinesb represen- 
ting 33?h of total number of birds (10% of total psittacined imported dur- 
ing that period. It is significant, therefore, that none of the influenza 
viruses isolated in Great Britain during 1926-1980 have been from birds 
imported from Senegal. However, this finding is in contrast to that of 
Stunzner e t d (1980) who were able to isslate influenza viruses from birds 
imported into Axtria from Senegal in 1978. 

It wodd appar  that little can be concluded concerning the disease 
status of 5irds isi their natural environment by the isolation of influenza 
viruses from exotic captive birds. However, what can be concluded is that 
a propmtisn of the extremely large number of captive birds being 
transported around the world at any given time are infected with infl oen- 
za viruses. The epizootological significant of this to influenza epidemics in 
man or other animals remains to be ascertained. Most of the subtypes of 
influenza that have been isolated from captive emtie birds. E14N8, fF4N6, 
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H3N8, H7N1, H7N7, HIIN6 and HION?, have been isolated from 
migratory birds (Hinshaw e t a4 1981). Equally, viruses of these subtypes 
have been responsible for outbreaks of disease in commercial poultry in 
Europe and North America (Alexander e t  a& 1981; Alexander and 
Spackman. 1981; Meulemans et ul, 1979, Johnson e t a( 1977, Easterday 
and Turnova, 19783. 
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Isolations o f  influenza viruses from 

birds kept as pets or in Zoos in 

Great Britain 

parrot 

cockatoo 

parakeet 
5, 

cockatooc 
5. 

parakeet b 

parrot 

parakeet b 

thrush d 

e 
macaw 

These viruese were originzlly typed as 3 4 ~ 6  (Alexmder 
et al 1974) but later shown t o  be of 8 4 ~ 8  subtype - -9 

Psit tacula Sp 

Cacatua sulphrea 

Intr  wenous pathogenicity index in six-week-old chickens 
= 0.m 
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Table 3 
Airports of origin and destination of consigments of exotic 

b5rds i n  transit at Seathrow Aiport f r o m  which 

influenza viruses were isolated, 1976-7978 

Airport of Number of Airportof Number of 
origin positive consignments destination positive corsignments 

Calcutta 

Delhi 

"Indian 

Unknown 

29 4-msterdam 

1'1 Brussels 

2 Copenhagon 

20 Dttsseldorf 

E'raakfurt 

WemanyXs 

Lyon 

Madrid 

Manchester 

l4rLan 

Naples 

P a h a  

Rome 
L 

Stockholm 

Unknom 
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Table 5 

Ident i f ica t ion of Sirds d y i n ~  in oua-antinc 
from which inrluenza vir irses  ware i:i6:ated 

Influenza 
subtype Bird Xdentif icat.ion 

Nmber 
of 

Isolates 

53~8 Order Passcriformcs 

finches it 5 
sof t-bills b '3 

Order P s i  t taci f omes 
C parakeets 1 

H4N6 Order Passerifomes 

finchesa 

shrike CI;3?235 exr*rSi tor] 7 

Order Psit taciforaes 

H70N7 Order Paoscri for;nes 

Wax-bills (genus Estrcldn 1 2 

W7N'r Order Passeri farms 

a: "finch" is the popular raye for 3 ~ y  =mXL seed eating pazserincs most 
or which are of the Fri iy i lLtdae  



Summary of influenza A viruses isolated from pet birds 1970-1980 

I Probable country Virus ~ u b t y p e  Country of isolation of origin I (NO. iiiolates) 

January-August 1972 

Unknown 

England India 
, @#8 tS3' 

January-April 'I 976 Japsn Fhailand ~ 1 4 ~ 8  ( 3 
India ~ 5 ? ~ 8  (6) 

England Varioun 
(mostly 1ndia) 

Japan I Unknown 

Reference 
.111 

Alexander e t  a1 (19711) 

Chu, personal communication 
- 

Butterfield c+ a1 (1973) 

Alexander e t  al (1974) 

Nishikawa o t  a l  (1977) - 
rsan 1 cann~unfcatf on C&fiwBEls t,ea 

Nishikawa e t  a1  ('1977) 

Unpublished results 

Nerome e t  a1 (1978) 

AWexander (q9;";1) 
Asht on and AXexandsr ( I 980) 
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SUMMARY 
One hundred and six influenza A viruses belonging to I1 different an- 

tigenic types and 25 isolates of Newcastk disease virus were recovered 
from clinically sick or apparently healthy ibmestic White Pekin ducks in 
the eastern United States from 1918-80. Vhses were recovered from 
230h of %to-5-week-old ducklings sampled, yet no viruses were detected 
in ducklings under 2 weeks, 6-8 weeks, or breeder ducks. Influenza virus 
was also isolated from water used for drinking and s w ~ ~ g ,  by the 
ducks. 

Experimental infections of ducklings with 2 different antigenic sub- 
types of influenza (Kav3Nav1, Hav6NeoZ and s lentogenie strain of 
Newcastle disease virus produced no disease signs in the birds. DucWngs 
ceinfected with virus lefther NDV sr izfluenzd and PasteweEla 
anatipesfi$er7 +xperienced no greater morbidity or mortality than duck- 
lings infected only with P. amEipest@r. These Endings indicate that 
many different influenza A and paraimvxovirases ekedate in domestie 
ducks in the US., yet may not prodme disease or enhance the severity of 
the disease produced by a common bacterial agent. 

INTRODUCTION 
Type A influenza viruses have been frequently isdated from wild 

waterfowl throughout the world."" These viruses have also been deteeted 
in domestic ducks in other countries,s6 but, in the United States, only one 
isolation has been reported from domestic muscovy ducks in 
Pennsylvania? faramyxoviruses, including lentagenit strains of Newas- 
tle disease virus (NDVI, have also been isolated from feral waterfowl and 
from domestic ducks? Influenza viruses and paramyxovirnses are often 
recovered from healthy ducks, so i e  is not clear if these viruses are 
pathogens for ducks. 

This report describes the isolation and antigenic classificatian of in- 
fluenza A viruses and paramyxeviruses isdated from domestic White 
Pekin ducks and provides an evalaatim of their ability to produce disease 
singly or in combination with a bacterial pathogen. 
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MATERIALS AND METHODS 

Collection of .~amples and vims isolation- 

In 1978, influenza A viruses were first isolated from nasd samples 
from a flock of 18,000 birds showing respiratory signs of disease as 
swollen sinuses, sneezing, and discharge from nostrils. Morbidity was 
high but mortality did not exceed 1 percent. Recovery was rapid and un- 
complicated except in a few ducks which developed caseous cheesy 
material in nasal and infraorbital sinuses. Since this was the first indica- 
tion that influenza viruses circulated in domestic dueks, an effort to 
monitor ducks for evidence of influenza was begun. 

From 1978-80, cloacal and nasal swabs were collected from healthy and 
sick dueks of different ages. Additionally, water samples (from drinking 
and swimming water for ducks) were collected. Virus isolation bas been 
described eIsewhere.2 Briefly, material from cloacal and/or nasal swabs or 
water samples was injected into 10-tell-dapold embryonathg chickerr 
eggs which were incubated for 2 days at 35OC and then tested for hemag- 
glutinin activity. 
Serological tests and vims identification. 

Hemagglutiain(HA) titrations and hemagglutination inhibition (HI) 
tests were performed in microtiter plates with seceptor-dsstrogirrg en- 
zyme (RDEbtreated sera? Neurarninidase (NAI ti*mtions and 
neurarninidase inhibition (NI1 tests have been fully described9AAll 
hemagglutinating agents were identified in Hlf and NL tests with specific 
antisera to the isolated surface antigens of reference influenza vlnuses.2 

Experimen fa1 infections of ducks: 

Two-week-old White Pekin ducklings were used for "in viva" infectivf 
ty studies. No viruses were recovered from these birds prior to infertim. 
Ducklings were kept in Horsfall isofation units throughout the ex- 
periments. 
The following agents were used for experimental infeef;ions of ducks: 

A/duck/NY/l2/78 (MavSNavI); Alduck/NP149/18 tHavSNe& 
Plduck/NY122/78 (NDV); and Pastewella anatipestifez (PA). All of these 
organisms were originally isolated from clinicdly sick domestic White 
Pekin dueks. 

Ducklings were inoculated intratrachedy and orally with 1.0 ml sf 
alfantoic fluid containing approximately lo7 EIDdd of idkenza A. NDV 
was given intratraeheally - 0.5 ml of allantoie fluid per dock. Ducklings 
were infected with 109 organisms of PA by the intrasinus route, 24 hrs. 
after virus-exposure. Cloacal swabs were taken before aad 2.4.9 and 14 
days after exposure, for vlrus isolation. Specimens for virus and bacterial 
isolation were taken: from ducklings that died of exposure, 



INFECTION OF DOMESTIC DUCKS 

RESULTS 
Virus Isolation. 

A total of 733 samples from dueks or water were tested. one hundred 
and six influenza A viruses and 25 paramyxoviruses were isolated from 
580 samples collected from 2-tc~sweek-oId ducklings (Table 1). No viruses 
were recovered from 140 samples from the other age groups. O m  influen- 
za virus was isolated f r m  13 water samples collected on the duck farms. 

Antigenic classification of these isolates showed that the influenza A 
viruses included I1 different combinations of hemagglutinin and 
neurarninidase antigens (Table 2). On several duck farms, different an- 
tigenic subtypes ciseulated eoneurrently. AEI paramyxov~ses were 
identified as lentogenic strains of NDV except for one isolate which has 
not yet been classified. The majority of influema and M3V isolations 
were made from appa~ently healthy dueks or ducks which %ad died due to 
duck virus hepatitis, E. coli and PA. Infrequently, inguenza virus was 
isolated from ducks showing typical signs and lesions similar to nattrd 
influenza outbreaks. 

Since influenza viruses and NDV were recovered from healthy birds, it 
was important to determine whether these viruses could produce disease 
in ducks. PA is a common pathogen for White Pekin ducks, and so the 
possibility that influenza virus infection may increase the severity of this 
disease was also examined. Two antigenic subt~pes of influem and a 
NDV isolate replicated, yet produced no mortality or disease signs in 
susceptible ducklings (Table 31. Although one duckling died in one of the 
influenza-exposed groups, no virus or bacteria could be isolated from its 
organs and no lesions were observed in an_v of the virus-exposec! duck- 
lings. The multiplication of viruses in the gastrointestinal tract, evi- 
denced by virus recovery from the cloaca, was maximum by the 4th day 
postexposure and absent by day 14. 

In the eeinfection studies (Table 41, the bacterial infection alone pre 
duced 45% mortality in Experiment Z and 20@h in Experiment 2, The 
birds infected with influenza virus or NDV, or both, and bacteria, showed 
no greater mortality than those infected with the bacteria alone, These 
results indicated that there was no enhancement of disease in birds c e  
infected with virus and backeria. 

The recovery of lo6 influenza A viruses and 25 pararnyxovirnses from 
domestic ducks in the US. from 1978-80 clearly indicates that these 
viruses circulate in domestic ducks in this country. Their association with 
disease is not dear since most of the viruses were recovered from a p  
parently healthy rather than sick ducks, and eo-infection af ducks with 
these viruses and a common bacterial pathogen, P, anatipestifer, did not 
enhame the disease produced by the bacteria alone. These results agree 
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closely with studies by Shortridge et al. on domestic ducks in Hong Kung 
in which many different antigenic subtypes of influenza A viruses were 
isolated from healthy Pekin ducks? 

It is evident that influenza virus primarily infects ducklings betwem 2- 
5 weeks of age. The virus probably re-circulates in successive hatches. 1% 
is possible that older ducklings may develop immunity and that breebe~s 
carry antibodies which can be passively transferred thsmgh egg to prc~ 
geny to account for the absence cf infection in ducklings under 2 weeks. 

Shedding of virus in dropgings and the presence of virus in drinking 
water would provide means for transmission of the infection from one 
hatch to another, as demonstrated for feral dueks.'~ Since eommereid 
ducklings are reared outside, on the range, at most duck farms, the 
source of viruses may be wild free-flying birds, particularly waterfowl 
which harbor mamy different influenza A viruses.'" 

Experinentai infections of dudlings showed that influenza A and ND 
viruses produced an inapparent infection. Although these isolates rrnay be 
avirulent, this does not mean that all of the isolates are incapable of pra 
ducing disease. These results indicated that  here was no interaction 
between influerza, NDV and PA, a common pathogen of domestic ducks. 
This was in contrast to the suggestion that introduction of organisms of 
low virulence after establishment of a virus infection enhances their 
virulence? Additional studies are required to determine the disease 
potential, if any, of influenza A viruses and paramyxovkuses, as NDV, in 
domestic ducks. 

Table 1. Isolation of influenza A viruses and Newcastle disease 
viruses from domestic White Pekin ducks from 1978-80. 

Source of Specimens No. of Specimeris 

Ducks 

Under 2 wk. 7& 

2-5 wk. 580 

6-8 wk. 25 

Breeder ducks 41 

Water 

Ditch-line 

Total 

Vf r us Isolations 
Influenza Virus NDV - 
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Table 2. Antfgenic types of influenza virus 
isolated from domestic White Pekin ducks, 

Antigenic Types -- 

Hav3 Navl 

Hav5 Nav2 

H a 6  Navl 

Hav6 NI 

Hav6 N2 

Have Neq2 

No. of Isolates 

Table 3, Virus shedding and mortality of duckllkgs 
infected with influenza A viruses or NDV. 

a Virus recovery Mortality 
h 

Viral Type 

No, shedding virus from the cloaca 
a No, Inoculated 

No. dead 
No. Inoculated 
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Table 4. Eortality and agent recovery k o n  ducklings experimentally 
inoculated w i t 3  influenza A viruses, NDV, and Pesteurella anatipesrifer 

Inoculation with:  
Virus Bacteria 

Exp. I 
IAC 

Isolation Result B 

V i r u s  PA - 

%D. dead/*~. exposed. 

'No. positivelno. dead 

'A/DK/NY / 12 / 7 8 (Hav3Mavl) 

D ~ / ~ ~ / N Y / 4 9 /  78 (Hav6Nes2) 

E P/DK/NY/22/78 (NDV) 
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Economic loss associated with Avian 1 nfluenza virus has been reported 
by turkey prodvaleam iin most of the turkey producing states in the Uzrited 
States over the past decade. The incidence and loss varies & m z  area ta 
area and year to ye ; hawever, detailed information on the ma 
the financial Iosaes re not available until 1979. 
In 1979, the xtension Department of the University of Minnesob 

ucted a survey of all commesfbsial turkey flocks in Minnesota 
fobwing a severe outbreak of Aviara P&uenzs which started in the f d  of 
1978 and continued into the first two mcnths of 19'79. The extent of the 
problem and the losses that were reported were determined and the totaI 
economic loss incurred due to the outbreak was calculated. 
The number of poults started in affected flocks totalled 2.2 million os 

10% of the 222 m3lion oulb raised in Minnesota in 1978. The number d 
breeders affected wa or 5% of the 593,000 breeder Hens in 
Minnesota @ fghest total mamdity reported was over 
75% and th ;ation was 7396 0 9  the birds marketed. 
Values were assigne ortality, condemnation, weight loss and 
egg loss that was reported and these losses were t o l l e d  along with the 
reported cost of medieation, extra clean up and other costs induding Ices 
of profit to come tap with a total economic loss of 4.2 million ddhrs. The 
res~rts of this survey were reported at the United States Animal Health 
Association Annual Meeting in I979 and are summarized in Table I. 
In addition te Iosses in turkey flocks during the 1978-79 outbreak, 

losses also occurred in three @I flocks of chieken layers. The losses were 
investigated and reported to be due primwily tc a Ioss in egg production 
and were calculated to total $58,000. 

Avian Influenza outbreaks also have occurred in Minnesota the past 
two years and flock owners have been again surveyed each year to 
determine the economic losses incurred. This three-year history of 
economic Ioss indicates the loss per bird in involved flocks is a p  
proximately two i2) dollars for market turkeys, eight (8) doikars for 
breeder hens and 30 cents for chicken layers. The three-year loss history 
data are summarized in Table 2. 
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1978 
Market Turkey 
Breeder Turkey 
Chicken Layers 

TOTAL 

1979 
Market Turkey 

Mead wgs  
Number Invdved Mortality Lost Total Loss Average 
Flocks O's Percent 000's 000's DoWs Per Bid 
130 22,138 16.7 - 3,948 1.85 
11 28 10.2 487 235 8.39 
3 165 Low 984 50 3 

4,233 

f ncomplete Cost Data. Extrapolated from 1918. 

Killed vaccines have been made available the past two years acd 
Minnesota growers have been using approximately 4 million doses an- 
nually, The vaccine costs the grower 3 cents per Asse a5d with a p  

he same far additional labor to vaccinate each lbird, we 
er $240,800 per year to  the c ~ s t  of influema- 

The virus types %nvdved in the influenza outbreaks the past three 
years in Minnesota listed in sble 3 indicate the problem the 
in determining the type of vaccine to use each year. A mmbes af flocks 
were infected with more than one serotype which aP,ss eompkstes the 
problem. Based on patkoge~kity stdies  at the University of Minnesota, 
these isolates are mild strains; however, the losses are severe due to 
other complicating disease agents and environmental stresses that are 
presenr; in a commercial operation. 

TABLE 3 
Minnesota Avian Bnfluenza Virns Types 

11978 1979 1988 
Hav4 Neq2 Hav2 Neql Havl Nav2 
Hav6 M1 Mav4 NavP Hav2 Neql 
Hav6 N2 Hav6 N1 Nav4 Navl 
Hav6 Neq2 HavG N2 Nav4 N2 
HavS N2 Mav9 N2 Hav4 Neq2 
Hswl NP 
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In order to stop additional losses from Avian Influenza, growers 
depopulate their infected farms and clean up and isolate them to 
eliminate the virus from the premises. This depopulation requirement 
puts the grower out of business for a while and can more than double the 
economic loss that is reported in the survey. 

When a farm, hatchery, feedmill, or processing plant is not operating 
because of depopulr..tion and %ss of turkey production, their cost of 
operation does not stop completely. Kost of the labor, utility, and supply 
expenses stop, but they still have their management, security end 
maintenance labor, basic utilities, iuterest, taxes, depreciation, in- 
surance, and othe- fixed expenses which mast be paid. These fixed costs 
are added to the costs of subsequent production, but are actra;tlly a loss 
that is assignable to the disease outbreak that resulted in the 
depopulation decision. 
The magnitude of this depopulation cost can best be described using an 

example. On a commercial turkey production farm with one brooding 
building an tw-a sets of finishing buildings, the grower will produce 6 
flocks of toms anaually by brooding every 8 or 9 weeks  OF a &week 
period and then finishing alternately in the two sets of finishing buildings 
by 20 weeks of age. Using a 20,000 bird flock as an exampie and 1 and 3 
square feet of space per bird for brooding and growing respectively, the 6 
flocks will provide 120,080 birds and 3 million pounds for marketing 
annually (22 lbs.lsq. ft.). Table 4 and 5 schematically describe the farm and 
the flock schedule. 
An iaBaeaza outbreak on this 3zrm would be expected to cause disease 

losses in two flcsacks but would then result iin the depopuhtion loss of two 
more flocks or ane million pounds which is one-third of the annssd 
production. Assuming breakeven markets (no profit or loss from average 
production performance), the cost of depopulation as it relates to the 
expected disease loss of $2 per turkey is summarized in Table 6 and totals 
$2.50 per turkey which more thm doubles the disease loss that is 
reported in the Minnesota survey. 



AVIAN INFLUENZA IN DOMESTIC FOWL IN US. 103 

TABLE I 

Economic Loss to Avian Influenza 

1978 Minnesota Survey 

Market Turkevz f urkev Breeders 

Flocks Involved 

Birds  StartedjInfected 

Bisdrs Died 

Percent Hortsl i ty 

No. o f  Eggs Lost 

No. o f  Birds Condemned 

Percent Birds Condemned 

Value o f  Eggs Lost 

Value o f  B i r d s  Died 

Value o f  Loss i n  Weight 

Loss o f  Pro f i t  

Value o f  Condemned B i  rds 

Medication Cost 

Extra Cleanup Cost 

Other Costs 
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TABLE 6 

Estimated A I V  Loss With Depopulation 

$ [ Qoor 

Dl SEASE J0,006 Toms 8 $2 80 

DEPOPULATE 40,000 Tornsil mm Pounds 

PRODUCT ION FARM @ 4 W b .  

BREEDER-HATCHERY @ 20WouIt  

FEED MILL-DELIVER @ $4 / ton  

PROCESSING Q St/lb. 

OTHER .- 

AIV VACCINATION 20,000 - 2 Dases 

SUBTdTAL 92.50 per TURKEY 

T O T X  $4.50 per TURKEY 
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DR. EMMETT McCUNE (UNIVERSITY OF ;dISSOURIk In talking 
about the distribution of avian influenza viruses, I thought it would be of 
interest to the group if I briefly discussed the situation as we have en- 
countered it mainly in turkey breeder flocks in Missouri. Year-end and 
year-out during tile winter season f r ~ ~ i  about December to March we 
have had a number of flocks that show EE extremely abrupt drop in egg 
production. The birds are depressed for about 4 to  5 days and their egg 
production never does come back. There is very low mortality. 
Serologically, we have had consistent evidence of avian in- 
fluenza,HswfNl, in these flocks. We have had concurrently with this 
condition occasional instances of respiratory disease in adjacent market 
flocks. If the birds are kept under decent circumstances, the effect on the 
market birds has been practically nil. The same is true of breeders that 
are not in lay; but in the flocks in production, the estimated cost that we 
have received from our commercial people is about $12,000 per flock 
following an outbreak of avian influenza. This season we have had a 
similar series of episodes involving flocks in Missouri and flocks in 
Kansas that supply hatcheries in Missouri. We have two isolates of this 
agent in the laboratories now. We  have been using, on an experimental 
basis, an H s w l N l  vaccine manufacturered from a Minnesota isdate of 
this virus. The preliminary information on this looks Eke the vaccine will 
work, but the thing that is still not dear is: where this virus came fmm, 
and why is it being maintained at a low virulence level persistently year 
to year in turkey flocks without evidence of antigenic variation? These 
questions will provide some interesting information if we can get the 
answers to them. 
DR. EASTERDAY: Dr. McCune, 1 don't think it is so surprising that It 
stays the same. We have lived with swine influenza virus not ehangilg 
far at least 50 years, and so it doesn't snrprise me that there would be: a 
virus present that doesr't change in any particular way. 

question asked to Dr. Easterdsy Ccannot head 
DR. EASTERDAY: No, what 1 would hope is that we cw1d adopt this new 
nomenclature as fast as we can so these hemagglutinins don't have 
species names on them that interject this bias into where we think they 
come from. 
DR. FTINSHAW: One thing too about the change, we do know that, an- 
tigenieally, these avian strains do undergo drift. That is, they do change 
slightly; but one has to  use specific sera t s  detest these changes. The 
hyperimmune sera used for classification are typically not capable of 
detecting these changes. So you may need to go to mare sensitive sera to 
detect it. 

DR. ROSENWALD: My question is aimed at Dr. McCune. What sort of a 
vaeeination history against Newezstle disease do these birds have? It 
seems to me that alcng about 1947 we experienced a very similar thiag 
from which endemic NeweastIe disease was isoiaeted, 
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DR. McCkiNE: The history on Newcastle virus, the particular work that 
1 have been following most closeiy on this is Dr. M. John Barnes from 
Iowa who has been doing additional studies and we need to do more yet 
on the response of the turkey to Newcastle disease vaccines. The pr* 
gram that has been followed in Missouri has cham zteristicdiy given at n 
very low titer on HI tests in turkeys. We have done a number of these 
this past year and are finding from organization to organization a very 
marked difference in the antibody titers in these turkey breeder flocks. 
In these areas where avian influenza is being detected, we do see cEnical 
Newcastle disease in some of these flocks on the basis of very mild symp- 
tomatology and seroconversions. But these may happen with or without 
this influenza virus. The cases in which there is Newcastle alone, these 
birds come back on line with egg production in 3 to 4 weeks and stay on 
the production curve. But, if we have the influenza virus, our experience 
has been that they do not come back. So that evidently we have a mild 
enough strain of Newcastle that we are not into serious trouble from this 
disease. There is one organization that is using a series of 3 avian inflnen- 
za vaccinations on turkeys and is obtaining HI: titers M28 and 1256 on 
our system which indicates a very high antibody titer, So the turkey is 
capable of responding if we give them enough of the right kind of antigen 
at the right time. 

DR. LANG: Concerning t b  epidemiology of avian influenza and sources 
of infection, you're talking here alwsys about ducks as the source and the 
animal reservoir of influenza viruse*: r,nd that the ducks are the danger of 
our domestic turkeys. From our experience in Canada, we do not see 
many ducks on our turkey farms. Also our outbreaks occur mostly in the 
middle of winter. It is very cdd and very few wild birds around. The ex- 
planation that we have for this is that there are still birds around with 
&dent levels of virus in blackbirds. We need to concentrate much more 
in the future on these species too because I don't betieve the dacks are 
really the direct transmitters to the turkeys. They may be the reservoir 
but other birds are picking up the virus and then transmit it into the 
barns. And I would remark that the studies that we have seen today fist 
very few birds other than ducks as being carriers of influenza virus. 1 
don't believe it. 1 think we have to look more into this aspect of it. Then 

U 

there is another question, Dr. Shortridge talked about paramyxoviruses 
as a possible element to be considered in our influenza outbreaks. That is 
true. While we have in Canada very little influenza right now, despite the 
massive infection detected in the wild ducks, it is the paxamyxclvirus prob 
lem which is most of concern tc our industry right now- patramlyxovirus 
2 and paramgrxovirus 3 rather than influenza virus. 
DR. HINSHAW: I would comment in response to Dr. Lang, As I men- 
tioned at the beginning of my paper, I think Jve all elearly realize that 
there are several different avian species involved in influenza in ~ature, 
Because of time, f eoncentrated on one. Certainly, if you look at the many 
isolates we have then from shearwaters, terns, gulls, starhgs, the 
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diversity of different species in nature clearly indicates all d them codd 
be involved in the  transmission of viruses between different groups. I 
point to the ducks primarily because they do appear to  represent the only 
group which perpetuates all influenza A virus subtypes that we know. 
And there are several characteristics of that reservoir which would 
indicate that they are very important in the maintenance of these and; 
therefore, they could represent a continual source for other wild birds as 
well a s  domestic species. I also alluded to the fact that we have not 
eliminated the possibility that these are maintained for a long period of 
time in the domestic birds themselves and certainly an important 
question to address. I think most of us do appreciate that many different 
species are involved, but ducks would appear lo represent the major 
continuing reservoir. 
DR. EASTERDAY: As long as we are talking about species, let's don't 
group ducks as one because there is a great variation in ducks, and the 
number of isolations will vary greatly from one specie of duck to another. 
And not all of these ducks go the same places and do the same things. 
DR. HINSHAW: I would agree 100 percent with h. Easterday that there 
is a great diversity of duck species in the United States as well as in 
North America. Primarily the mallards and the pintaib and teals seem to 
be most invoIved. 

DR. : Although everybody would agree, Dr. Lang, that 
ducks or that species other than ducks are involved in spreading avian in- 
fluenza viruses, I would like to make a comment that it is very, very dif- 
ficult, and people in Europe and also peoplc in the United States have 
sampled thousands of other birds and tried ts isolate influenza, to isolate 
influenza from these other birds. So I would not overestimate the role of 
these birds in spreading influenza. 
DR. BEARD: Thank you very much. This has been an interesting discus- 
sion. I do believe that Dr. Lipkind has aetuaUy incriminated starlings in 
t h e  infection of turkey flocks in Israel, so I think that it is very valid to 
consider other birds as being involved, besides ducks, perhaps as the link 
between the large reservoir and the domestic species. 
DR. BARNES: I would like to know - it seems like water is the imgortant 
aspect of this whole cycle. What is known about the stability of the virus 
to  survive in water, and is there anything known about aquatic plants? Is 
it possible that the virus may live in fish, frogs, turtles, or anything, or 
plant life? Is there much known about this aspect of the virus cycle? 
DR. HINSHAW: We have studied the survival of the influenza A viruses 
from the dileks in water, and in this ease w e  were using Mississippi water 
but I think it is all right. The viruses are quite stable in this environment 
particularly wher, you are  talking about temperatures at 4 degrees. They 
will survive even for several days when you are talking about 25 degrees. 
So these isolates will remain viable for a considerable amount of time in 
water supplies. We have isolated virus fkom unconcentrated lake water 
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where these ducks are Zicing indicating that this is a very important 
mode for them. As far as aquatic life, plants, or things of this nature, or 
fish, there is no evidence at this point that would indicate that they are 
involved thus far. The reason people keep eoncentrating on ducks, of all 
the surveillance studies, and there have been many, to look at the dif- 
ferent species is the characteristics listed. There is only one group that 
fulfills the many different things listed there, and that is the ducks. When 
we look at other species, we just don't see that. And these are primarily 
ducks that live on ponds. Now tomorrow I will be talking about an avian 
virus which has appeared in aquatic marrrrnak The mechanism of that 
may involve water also. 
DR. GHAZIKHANIAN: In the relations with water ponds, there are 
many waterponds, manmade waterponds where we have seen lots of 
ducks around and we know virus survives as you said. What is the prae- 
tical control approach? That is the question I have been asked many 
times. 

DR. HINSHAW: That's a tough one (qrrestionf. You certainly are not ge 
ing to interfere with the ducks on their pods  in many cases. Now. 
theoretically, and I know Dr. Pms and I have examined this to a certain 
extent, is adding a chemical to the =&er to  inactivate the virus, fur in- 
stance, in a more feasible situation where you are talking about s pond or 
a small water supply for domestic birds- On these lakes in nature, it cer- 
tainly would not be a feasible thing. This is a natural occurrence and red- 
ly we can't interfere. But I think once viruses are introduced into a 
domestic group. it's not infeasible to consider the possibility bemuse 
water is very importact. If you watch a turkey drod in the water you can 
see how you can get infectious virus in these areas too. We have 
recovered it from troughs on turkey farms as well. That possibly inactiva- 
tion of the water by chemicals or P H treatment something of this (nature 
will work) because we know something about the stabsty of the virus in 
the presence of different chemicals. 

DR. KUMAR: Yes, I want to  add to Dr. Poss' comments. W e  had swine in- 
fluenza, HswlN1, isolated from our breeders. W e  had infeetion in 42,000 
breeders in Colorado. There is no disease problem, but we lost egg pre 
duction worth $300,000. And if we didn't have the vaccine available at 
that time, we would have lost more. The vaccine did help us. The source 
of this infection probably was from employees attending a pig roast back 
in early November. I am sure some of them slaughtered and prepared 
these pigs before they came to work. And that's how I think our birds got 
exposed. Those people have these pig roasts quite often, and I did not 
realize that at the time. Now we have a problem, 
DR. LANG: I wonder if this was really necessary to enter into such a 
state of commotion because 3 flocks of chickens showed fowt plague. In 
mr experience we had at least 3 houses in Canada where we had highly 
pathogenie Hav5 virus, and from our experience it shows that by very 
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simple confi~ement prwedures, that is, restricted the circulation and sit- 
ting out the outbreak, the disease can on a 1 3  farms. One 

uses were full of turkeys and 
lassical outbreaks at the turn 

and P t h i ~ k  there was one outbreak in 
Europe in 1948. In Frame, for instance, it never generated into a major 
%owl phgue epidemic as it had happened earlier. The consideration is that 
we are no longer operating under the same circumstances. We do not 
have as many live chicken markets. Afsa the trans rtation of live birds 
is rather restricted and from my observation it see that these were in- 
stances in the past when the general state an measures of hygiene were 

t as high as we have now. And I wonde also, fur instance, on the 
ltish Is%arnds where 1 thhk there was cne chicken ~ i r u s  isolated, EI7N7, 

with a high neuropathsgeoic index - why the British at the time did not 
go into the same state of panic as the Australians did at the time, I think 
they are sitting it out more and that the outbreak coded down, I think 
this is a very wise principle, because nowadays with our large turkey 
farms where these are hundred thousand of birds congregated, a 
slaughtering program would cost enormous sums. Therefore should we 
weigh the cost of toss with the risk involved when the risk is not as high 
as many people say. Many of these measures are extrapolated from foot- 
and-mouth disease to the fowl plague situation and that is a wrong ex- 
trapolation because the disease is not as contagious. We have to be work- 
ing with fowl plague viruses in our isolation quarters under very confined 
eircnmstarices where there were many turkeys and ehiekens in the same 
premises, and we never had a single escape of the virus into groups that 
were not intended for the experimentation, 
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US. poultry and poultry products reached another record last year 
totaling $800 million. Fresh and rrozen US. poultry meat is now exported 
to  overs 1023 countries valued at $386.5 million in 1988, with another $14 
million of poultry specialty products. Live poultry and egg exports con- 
tributed another $116.8 million. 

The major US. poultry and egg markets include zapan, the Caribbean 
countries, Venezuela, Hong Kong, Singapore, and the European Com- 
munity. In  more recent years, the Middle East Countries have become an 
important market accounting for nearly $50 million in trade in 1980. 

Many barriers t o  trade in poultry and egg products still exist around 
the  world. Some are  in the form of non-tariff barriers, such as licensing or 
quotas, and some are in the form of hygiene regulations and animal health 
restrictions. 

One of the most significant barriers that US.  producers hme en- 
countered in developing markets around the world is restrictions placed 
on poultry and egg products originating from countries that have live- 
virus type vaccine programs to  control Newcastle disease. 

At present, US. poultry exports to Northern Ireland and Ireland, Den- 
mark, Sweden, Norway, and New Zealand are limited to  fully cooked 
poultry products since these countries have declared themselves free of 
Newcastle disease. Australia is also free and accepts only canned (steriliz- 
ed) poultry products. It is interesting to note that only Denmark, from 
t he  above-listed s w d l e d  "Newcastle free" countries, is a major producer 
and exporter of poultry and egg products. 

The U.S. poultry and egg industry has become very dependent on t5e 
export markets over the years. Some producerslexpurters and some 
regions of the US. are more dependent on exports than others. As a 
result, producers and indus trylgovernmelnt leaders are more and more 

. concerned about the threat of disease outbreaks, such as the large out- 
break of exotic Newcastle disease which oceurred in California in 1912-74. 
During the past few years, t h e  USDA has spent $87 million controlling 
the disease in poultry and birds. 

What would consequences be for U S .  exports of poultry and eggs if a 
major outbreak of Newcastle disease occurred in US- poultry flocks? 
They would be disastrous, particularly if viewed by other countries as a 
national outbreak. Exports to our major markets would come to virterally 
a full stop, with the possible exception d fully cooked pouItry prod~ets .  
Confronted with this situation. US. officials would most probably push 
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even harder a concept that is taking on more and more interest - the 
concept of regionalization, 

Veterinary officials sf the major rneat-groducing cotzntries are cur- 
rently giving serious consideration to the "regionalization concept" for 
diseases such as African swine fever, hog cholera, and bluetongue in 
bovine animals. Very little thought, unfortunately, has been given to such 
a concept as it relates to poultry, 

Some US. laws, such as the one dealing with controls on foot-and- 
mouth disease, prohibit consideration of a regionalization concept versus 
a "free country concept." However, no such constraints are phced on U S I  
veterinary officials in dealing with most other diseases. 
In view of the volume of poultry and eggs moving in international 

trade, a more pragmatic approach to disease control and disease 
acknowledgement needs to develop. Countries need to take a serious losk 
at the "re@onalixation concept" to control and certification. 



A. J. Turner, M.V.Sc., Ph.D., PdIA.C.V.Sc. 
Victorian Department of Agriculture 

Melbourne, Victoria 
Australia 

I wish to outline some of the costs t5at were involved in the eradication 
of a small outbreak d fowl plague that oocurred near Melbmrne, 
Australia in 1976. 

The economic of the outb~eak was felt by both government and 
the poultry industry. Most of the im act arose as a consequeme of deci- 
sions that were taken not by the Victorian Government but by the 
governments of the other States of Australia and overseas countries. 

To detail the economic impact, 1 need to give some details of the 
poultry industry in Australia. The p m h y  industry of Australia is largely 
based on interoaf production and coasumption, but nevertheless eon- 
slderable numbers d eggs and amounts of egg pulp are exported. The 
poultry industry in ihe  State of Victoria within Australlia has con- 
siderzble internal produetion and limited distribution to the rest of 
Australia. 

Following the declaration of fowl plague as a disease in Victoria, al the 
other States of Australia closed off their borders and refused entry to dl 
poultry and poultry products from Victoria. Victorian veterinary 
authorities declared the infected properties the infected .area and an area 
of some 5 km radius was made the control area, The movement of Eve 
poultry and eggs for hatching was prohibited in the control area, except 
that birds codd be transported for slaughter under written permit to an 
approved processing works. 

The infected poultry farms were slaughtered out and the farmers were 
paid compensatiorr to full market value for the animaIs, produce, feed 
buildings and fittings that were destroyed. These farmers were relative- 
ly well catered for in compensation. 

The pou1Lry farmers in the control area were fortunately few on acz- 
count of the location of the infected properties. These farmers suEered 
little loss of income because none were breeder properties or hatcheries. 
The local egg marketing authority made available separate facilities for 
the collection and handling of eggs from within the Contrd Area, 

If any d the properties in the control area had been either breeding 
properties or hatcheries, the economic impact WOEEM have been very con- 
siderable because all sales would have Seen stopped. Such a producer 
would have lost all stock under incubation and would ody  obtain table 
egg price for his produee. The social effects of disease contra1 grograms 
on such people can be substantial and the effects continue fcr& long a 
period as it takes to eradicate the disease. 
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I am not aware of legislation in any country whereby losses of the type 
outlined above are  made up to  producers suffering hardship under condi- 
tions beyond their control. Circumstances do occur whereby it would be 
better that infection occurred on such properties. 

So much for the losses to producers in the infected and control areas 
The costs t o  government were not inconsiderable being some $A250,008 
t o  destsoy 17,000 broilers, 25,000 layers and 16,500 ducks. The costs of 
mounting the diagnostic and surveillance program over the above normal 
routine costs was some $A25,000 and is included within the total cost 
above. 

The principal costs t o  the poultry industry arose out of loss of in- 
terstate and overseas trade. Victoria as a State was isolated by all other 
States by refusing to accept any of its poultry or poultry products. 
Overall, the State of Victoria imports most of its genetic stock and ex- 
ports little except eggs and egg pulp. 

The interstate restrictions on trade dia serioudy financially embarrass 
those few owners of hatchery and breeding flocks that had a significant 
proportion of their trade with producers in other States. Whole in- 
cubators of eggs had to  be destroyed and production could not be started 
until the outbreak had been declared eradicated i.e. three weeks after the 
declaration of eradication. Assessments of losses to individual farmers 
were not made a t  the  time of t h e  outbreak. It can only be assessed that 
many hundreds of thousands of dollars were lost. 

Eggs normally intended for hatching were of course sold to the egg 
marketing authority a t  prices considerably less than their value as hat- 
ching eggs. The egg marketing authority had to handle additional quan- 
tities of eggs and had fewer outlets because no eggs or egg pulp could be 
exported. Economic pressures built up on the egg marketing authority, 
and to cover for loss of trade outlets, sales were made at reduced prices 
to encourage turnover of stocks. '20 cover the cost of these transactions, 
charges were increased to producers. The overall direct cost t o  the 
marketing authority and to  the egg producers was estimated at about 
$275,000. This covered such costs related to additional refrigeration and 
additional pulping requirements. 

AI6 %se events occurred in a State tha t  was very nearly self suffi- 
- . wtbreak was confined and eradicated within 5 weeks- If the 

' weurred in the State of Australia with the major cornpe 
nfcken industry of Australia, the economic impact would 

.sed many fold and the hardship caused to people would 
. ,- 

: ; i d  many times. 
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THE ROLE OF THE HEMAGGLUTININ 
IN INFECTMTY AND PATHOGENICITY 

OF AVIAN WL'hTIENZA VIRUSES 
Rudolf Rott 
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Although both hemagglutinin and neusaminidasz change independent- 
ly during the formation of new influenza viruses, the hemagglutinin is 
considered the more important surface glycoprotein. It is quantitatively 
the major surface component, it is responsible for the attachment of the 
virus particle to neuraminic acid-containing receptors of the host cell, it is 
involved in the initial stages of virus infection, ar;d it is the antigen 
against which neutralizing antibodies are directed, 

The biclsynthesis of t h e  hemagglutinin, Iike that of other integral mem- 
brane proteins, involves translation at membranebound ribosomes, in- 
sertion into the  membrane cP the rough endoplasrnic retieuhm, and 
transport to the plasma membrane, In the course of transport, the 
hemagglutinin is processed by glycosglation, covalent attachment of fat- 
ty  acids to the carboxy terminus of the molecule, and by protedytic 
cleavage of the primary gene product HA into the amino terminal frag- 
ment HA, and the carboxy terminal fragment HA,. Although these ea- 
and posttranslational modifications must play essential roles fur pro- 
viding adequate structural elements, a definite function can so far be at- 
tributed only to the proteolytic cleavage of the hemagglutinin CRott and 
Klenk, 1977; Klenk and Rott, '1980). 

It could be shown - and this will be the content of my presentation - 
that proteolytic cleavage of the hemagglutinin is an important prere- 
quisite for the infectivity of influenza viruses and that besides an optimal 
genome composition, differences in cleavability and host range acec-:nt 
for variations in pathogenicity. 

PROTEOLYTIC ACTIVITY OF THE HEMAGGLUTININ 
Depending on the presence of an appropriate enzyme in a given cell, 

virus particles with cleaved or with uncleaved Iremagglutinin may be 
formed. Viruses formed with uncleaved hemagglutinin are able to adsorb 
to the cell surface. They are: however, non-infectious. Such virus par- 
ticles can be conveyted into infectious virions by treatment izt vitm with 
trypsin or trypsin-like enzymes (Klenk et al., 1975; Lazarowitz and Chop- 
pin, 19753. Only a limited number of influenza viruses are produced in a 
large variety of cell types derived from diverse host species with a eleav- 
ed hemagglutinin and thus in infectious form. It should be emphasized 
that all these viruses, like fowl plague virus, are of avian origin. For most 
influenza viruses, including all human virus strains, cleavage of hemsg- 
glutinin depends on both the host cell system and the virus strain used. 



Double infection of a cell type with virus strains containing a cleavable 
and a non-cleavable hemagglutinin has proved that cleavage of the sen- 
sitive strain cannot faditate simultaneous deavage of the resistant 
hemagglutinin of the other strain UClenk et al., 19m. This means that the 
individual structural characteristics of the Hemagglutinin, rather than ac- 
tivation of cellular enzymes by the infecting virus, determine whether 
cleavage takes place. Moreover, these as well as other experiments in- 
dicate that the aetive cleavage enzyme is a normal cellular constituent- 

SPECIFICITY OF THE CLEAVAGE REACTXUN 
Proteases of different specificities are able to cleave bemagglutinin, 

but activation is observed only by try@ enzymes CLazarowitz and Chop- 
pin, 19'75; Klenk et al., 1971). These observetions suggested that deavage 
of a specific peptide bond is required for activation. Therefore, corn- 
parative sequence analyses were carried out on the hemagglutinin of 
virus N (HavXNeql) that had been deaved either in &TO using proteases 
of various specificities, or in the infected host eeIf (Gartea et af, 1981 1. As 
shown in Fig. 1 the amino terminus of HA, was identical whether the 
hanagglutinin was cleaved in vivo or in vitro with trypsin or the trypsin- 
like enzyme acrosin. It differed, however, by one or three amino acids 
after treatment with the non-activating enzymes ;hermoEysine or 
chymotsypsin. The results obtained with therrndysine, demonstrating 
that elimination of a single amino acid is enough to yield inactive hemag- 
glutinin, show unequkoeally that activation of infectivity requires a 
highly specific amino acid sequence at the amino terminus af HA,. This 
observation is compatible with the studies of Richardson et at U98Q) who 
found by a different approach that activation of infectivity requires a 
specific sequence at the amino terminus of HA,. 
In contrast to the conserved amino acid sequence at the amino ter- 

minus of HA,, there is more variability of the carbbxy terminus of HA, 
(Fig. 21. It therefore appears that activation of hernagglutinin does not re- 
quire a high degree of structural specificity in this region of the cleavage 
site. Comparison of the uncfeaved precursor and the cleaved hemag- 
glutinin demonstrates that arginirre or a series of predominantly basic 
amino acids is eliminated in proteofytic activation. It is irrteresting to . . 7 a- -.- - -- ---h+;rrinc: whiph are mk. that 2 ~hg!e Zr@ElEZ is Z ~ f i l U Y f ~  rrurrr t t e r r r a g s r r ~ ~ ~ ~ . ~ ~ u  -. ----- 
cleavable only in a few host cells, whereas a peptide containing several 
amino acids is eliminated from those henzagglutinins which are activated 
in all cell systems tested. These observations demonstrate 1) that= in ad- 
dition to trypsin-like enzymes, another protease, presumably a carboxy- 
peptidase E3, is involved in the activation reaction and 2) that differences 
in the susceptibility of the hemagglutinin of different influenza virus 
strains to proteolytic enzymes are determined by the specific structure 
of the eleavage site (Bosch et al.. 1981; Garten et aL. 1981). 
In conclusion, present observations demonstrate that the structure of 

the hemagglutinin encoded in the viral genome determines whether a 



118 RBTT 

proteolytic enzyme of a given host cell is capable of reacting with the 
precursor structure in such s way that cleavage ultimately results in in- 
fectivity of the virus particle. 

THE ROLE OF THE HEMAGGLUTININ IN VIRUS INFECTION 
Since viruses formed with uncleaved hemagglutinin are capable of ad- 

sorbing to receptors of the host cell, the cleavage of hemagglutinin must 
facilitate another decisive function in initiation of infection. There is in- 
creasing evidence for an involvement of the hemagglutinin in penetration 
by triggering fusion of U e  viral envelope with cellular membranes. This 
concept is supported by the following observations: 
1. Cellular membranes exposed to influenza viruses show fluidity 

changes similar to those observed after exposure to paramyxoviruses, 
which are well known fusing agents (Nicolau et al.. 1978). 

2. Exposure of cells to specifically sensitized cytotoxie T cells early after 
I infection, results in lysis implying that the viral envelope has fused 
I 

I with the  cell membrane (Kurrle et alt,, 1919). 
3. The involvement of the influenza virus bemagglutinin in fusion 

between the viral envelope and the host cell membrane could be 
demonstrated directly with zeconstituted viral membranes (Huang et 
al., 1980a). Electron mirroseopie studies showed (Fig. 3) that liposomes 
containing both influenza virus glyeoproteins fused with cell mem- 
branes when the hemagglutinin was present in the eleaved form:.- 
Liposomes containing the uncleaved hemagglutinin, adsorbed to cells 
without causing fusion of membranes, 

I 

Fusion of viral and cellular membranes could also be imitated by mix- 
ing liposomes eoctaining cellular receptors or gangliosides and native 
virus particles. Virus with cleaved hemagglutins was able not only to ad- 
sorb to these liposomes but electron rnicroscopie observations showed 
that virus spikes had become incorporated and exposed on the Iiposomal 
membrane. Such liposomes in turn fused with the host cell membrane 
(Huang et  al., 1980a, 19811. 

All these data support the idea that influenza virus gain entry into 
I cells by fusion of the viral envelope with host cell membranes and that for 
I 
I this process cleavage of the hemagglutinin is necessary. It is therefore 
I not surprising that  only virions containing the hemagglutinin in the 

1 cleaved form are infectious. 

t Recent studies have provided evidence that, in addition f;o active 
hernagglutinin, oeuraminidase is also necessary for membrane fusion 

I (Table 1). Liposomes loaded with activated hemagglutinin but without 
i neurarninidase are strongly adsorbed to cell membranes without causing 
1 fusion. To induce fusion under these conditions neuramhidase has to be 
I added to the liposomed-mixture (Huang et ai., 1980b). 

The mechanism underlying the ccmperakive effect of neuraminidase in 
membrane fusion and thereby in virus penetration is not known. It might 
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be that influenza virus infection is a two-step process (Fig. 4): Initial ad- 
sorption of me virus to neurarninic acid-containing receptors is mediated 
by HA,. During r;he action of viral neuraminidase a new receptor may 
beeomz unmasked which reacts with the hydrophobic region of the amino 
terminus of HA created by the p~cteolytie cleavage, or alternatively, 
RA, has t s  be rcleasx LO that HA2 can induce the actual membrane fu- 
sion. 
This hypothesis would explain why exposure of an identical 

hydrophobic sequence at the amino terminus of HA, as a precondition for 
penetration is a general observation with all influenza virus hemag- 
glutinins. It also would explain why peptides resembling the amino ter- 
minus of HA, inhibit virus infection (Richardson et al., 1980). 

THE STRUCTURE OF THE WEMAGGLUTININ DETERMINES 
VIRAL PATHOGENICITY 
The findings discussed so far made it conceivable that C'Eiffereaces in 

the susceptibility of the various hemagglutinins to pr&e&ytic activation 
may affect the host range, the ability to undergo multiple eyde replica- 
tion, and spread of the virus in the host. If an infectious \+us partide eon- 
taininq the cleaved hemagglutinin infects a permissive cell that 
possesses a protease capable of cleaving the hemagglutinin of progeny 
virus pzrticles, infectious virus is produced and can spread to other per- 
missive cells. If, on the other hand, a cell to be infected does not possess 
an appropriate activating protease, the progeny virus will have an 
uncleaved hemagglutinin and will be nun-infectious. This would therefore 
be a dead end for the spread of infection. This could be confirmed convine 
ingly in studies with avian influenza viruses, pathogenic or non- 
pathogenic f m  ehicken, using the chicken chorioallantoie membrane 
(CAM) as a model mgan system CRott et al., 1980). 

It could be shown that pathogenic avian influenza viruses were produc 
ed in infectious form in the endoderm as well as in the ectoderm of the 
CAM. Formation rrf infectious, non-pathogenic virus was achieved only in 
the endodermal cells. Accordingly polyacrylamide gel anz'ysis revealed 
that the hemagglutinin of pathogenic viruses was cleaved in both ger- 
minal layers of the CAK. whereas that of the non-pathogenic viruses m s  
cleaved only after synthesis in the endoderm. fmaarraohisto~ogicstI studies 
revealed (Fig. 5) that multiplication of non-pathogenic virus was 
restricted to the cell layer which was inoculated. S p a d  of newly spn- 
thesized virus was inhibited as soon as the virus reached mesodermal 
cells. Mesoderm consists mainly of fibroblasts which were found to be 
nonperrnissive for non-pathogenic avian influenza viruses. OG the other 
hand, pathogenic avian influenza viruses spread through the whole mem- 
brane and g3ined entrance into the Mood vessels independent of tho 
route of inaculation. 

A similar mechanism turned out to function in the chicken hwL 
Pathogenie as well as am-pathogenic avian influenza viruses me prociuc 



120 ROTT 

ed in infectious form with cleaved hemagglutinin in. the epithelial cells 
which line the respiratory and intestinal tracts of the bird- Spread of non- 
pathogenic viruses is inhibited as soon as the virns reaches the Eanaina 
prop~ ia  mucoea which is nonpermissive for these viruses, Only the very 
few pathogenic avian influenzz viruses which possess a cleavable kemag- 
glutinin may pass this bmrler. The resulting generalized iafeciicm leads 
to the well knows disease which is designated by the snffixes "pest" or 
"plague" (Bosch et al., 1979; Rott, unpublished resuIts1- 

It is of particular interest that a virus isolated recently from seals by 
Dr. V. S. Minshaw, that has the cleavable hemagglutlain of a patfroge~ic 
avixn virus strain (Wavl). This virus type causes a generalized infection 
in a mammalian species. On the other hand, infection by vkzs partides 
carrying a non-deavzble hemagglutinin of avian origin wilt remain conk- 
ed to the pr ixa~y  site of infection. This situation was eneo~atered in the 
human dong Kong influenza strain EB3X2E which has the hemagglutinin 
gene of an Hav7 strain (Scboltissek et al., L978). These Endings underline 
again the significance of the structure of the hemagglutinin in determh- 
ing the occurrence sf a generalized infection and the manifestatioin of a 
specific clinical disease. 

A11 present observations demonstrate that the structure of the hemag- 
glutinin determines whether a proteolytic enzyme of the host cell is 
capabk of reacting with the precursor structure which ukimately results 
i r ~  a cleaved hemagglutinin necessary for infectivity, host range, and 
spread of the virus particle. Since the capability of rapid mrzltip~ieaticm 
and spread within the host is a precondition for virus to cause acute 
disease, it is not surprising that the cleavability of the hemagglutinin is 
essential for pathogenicity. Comparative studies on naturally occurring 
avian influenza viruses, pathogenic or rron-pathogenie fur chicken, has 
shown this correlation w i t h ~ 2  any exception EBoseh et alp, 19191, These 
viruses occur with at least 13 differe~t HA. subtypes a~kd in mng 
kernagglutinin-neuraminidase cornbi~ations. In addition to the gems 
coding for hemagglutinin and neurimi~idase? there are also considerable 
differ~ences in base sequence horndogies of the other genes. Tine 
deal ability of these different avian inffuenza virus subtypes in MDCK 
cells, chicken, duck, turkey and quail fibrobksts, f heir ability to form ph- 
ques an these cells as well as their behavior in chicken has beez in- 
vestigated as an indicator f o ~  viral infectivity and pathogenicity for 
chicken. The findings are summarized in Wfe  2. Only those viruses 
which are produeed in an infectious form in a broad spectrum of host cells 
are pathogeaic. Xt should be emphasized that differences in cleavability of 
the hemagglutinin and pathogenicity occur not onla between the dif- 
ferent subtypes but even betwee~l strains within a single subtype, 
Although all straiao in the subtype Havl (KT) have a serologieaIIy elosdg 
related Hemagglutinin, they differ in deavability and pathogenicity 
{Table 3). Analyses cd the gemtic relatedness of the hemagglutinin gene 
of these vimszs revealed significant differences in their base sequences 
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as determined by RNA hybridization. It is remarkable that  the kemag- 
glutinins of the non-pathogenic Hav, strains appear to have a cbavage 
site structurally similar to the human influenza viruses, whereas the 
hemagglutinin of the pathogenic strain have significantly more basic eon- 
necting peptides (Bosch et af., 19811). 

GENETICS OF VIRAL PATHOGENICITY 
The findings pointing tc; the primary significance of the htrnagglutinin 

for pathogenicity seem to apply only to naturally occurring avian influen- 
za viruses. Genetic analysis of reeornbicants of influenza A viruses ob- 
tained in  TO, however, have revealed the polygenic nature of 
pathogenicity (Burnet, 1959; Kilbourne, 1963; Rott et at., 1978). A large 
number of such recombinant viruses could be obtained due to the 
segmented structure of the influenza virus genome which permits a 
ready exchange of genes during mixed infection, Observations with 
recombinant influenza viruses obtained in vitm lead to the fobwing con- 
clusions with regard to factors determining pathogenicity (for review see 
Rott, 1980): 
1. The pathogenie virus must possess an hemagglutinin that is cleavable 

in a Zroad variety of cells. 
2. No specific single gene is responsible for pathogenicity. An optimal 

constellation of all RNA segments is required for the gemme of a 
highly pathogenic virus strain. 

3. It is impossib!~ t o  establish a rule for the combination sf differe tt 
genes indicative of pathogei:icity of all influenza virusec. 

4. In each reassortment of different virus strains, another genome cum- 
position might lead to inerease or loss of patftogenieity, depending on 
the parent virus strains used. Therefore. at present genetic analysis of 
influenza virus recombinants does not provide us with a specific 
marker for pathogenicity or attenuation for man and animal. 

Thus, in our hands increase or loss of pathogenicity seem to be depen- 
dent not only on the hernagglutinin but also on the influenza virus genes 
involved in viral RNA synthesis (Table 4). It should be stressed, however, 
that other gene constellations influencing pathogenicity have been 
described (Rott et al., 1978; Potter and Oxford, 19791. For example, 
Ogawa and Ueda (19811 using two avian influenza viruses for reassort- 
ment, found that eotransfer of the hernagglutinin, M and, to a certain ex- 
tent, the neurarninidase genes was necessary for  expression of 
pathogenicity. On the other hand, in studies on neurovirulenee in mice 
with the neurovirulent WSN (HlNI) strain, Szrgiura et al. (f980h found 
that neurarninidase, M and NS genes were involved in deterrnirting 
pathogenicity of the recombinants. 

We are not able at present to define optimal gene constellation. There 
is evidence, however, that not all of the 254 (2% -2) possible new gene eon- 
stellations between two virus strains can be isolated from a given host, 
presumably, because nut all resulting recombinants are viable in o m  par- 
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ticular host system (Rott et al., 1976). Furthermore, it Eras been observed 
that certain groups of genes tend to be transferred together during 
reassortment. For example, the transfer of the fowl plague virus hemag- 
glutinin was always accompanied by the transfer of the gene coding for 
the M protein if the other parental virus originated from man or other 
mammals (Scholtissek et al., 19761. If both parents were avian influenza 
viruses, such a cotransfer was found to be not essential, A s i m k  sitha- 
tion was found with regard to the polymerase. Catransfer of all genes 
coding for polymerase activity was critical for pathogenicity If the parent 
viruses were unrelated. This is in good agreement with the high base se- 
quence homology among corresponding genes of relzted viruses and 
significantly lowered genetie relatedness in the case of non-ehted 
strains. Thus, replacement of gene products wiitholit foss of gathoge&ity 
is accomplished more easily with related viruses. 

THERMOSENSITIVITY AND PATHOGENICITY 
Besides the cleavable hemagglutinin, there is also a carrelalion of 

pathogenicity and the ability of a recombinant virus obtained in &TO to 
grow at an elevated temperature (Rott, Orlieh. Sehottissek, to be publish- 
ed). It turned out that pathogenic recombinants are able to grow equay 
well at 37O and 4loC, whereas the nonpathogenic recornbinants have a 
significantly lower growth rate at 4I0C Pig. 6). It has not been possible 
yet to define the precise step during the replication cycle which is block- 
ed by the elevated temperature of nonpathogenic recombinants. Accor- 
ding to preliminary results, in a variety of recombinants different steps 
of the replication cycle can be inhibited by the elevated temperature. It 
is not yet clear how these in. vitrs observations relate to specifie aspects 
of virus replication associated with clinical manifestations iz vim. In any 
case, growing virus at elevated temperature is a pc3werbuI tool for rapid 
in vitro selection of pathogenic recombinants- 
These findings underline once more %be importance of an optimal gene 

constellation: 1 t is reasonable to assume that a virus reeombinarrt which 
has a reduced replication rate at the normal bodg temperature will not be 
able to induce clinical signs of disease in the bird before the defense 
mechanism of the organism comes into action. Rapid nzultiplilication and 
spread of the virus in the host seem to be the most critics;rI factors in the 
pathogenicity of avian influenza viruses. 

CONCLUSION 
Comparing the results obtained with infinenza virus recombinants 

isolated in witm with those obtained with naturally occurring avian in- 
fluenza viruses, we can assume that nature selects an optimal gene con- 
stellation for each individual field strain and that naturally occurring 
viruses with a suboptimal gene consteIlation will not survive in nat~re, 
The requirements for an optimal genome composition seem to be met by 
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all avian influenza viruses. If a virus possesses, in addition to the optimal- 
ly fmctioning genome, a hemagglutinin which is cleaved and activated in 
many different kinds of host cells, then it is always pathogenic. 

Table 1 

Requirement for Neuraminidase for Fusion Activity of LfpOSOIUeS 

Containing the Glycoproteins of Orthomyxoviruses 

Liposomes containing Percentage 

fusion 

BA1, 2 + neuraminidase of V, chuleraec 75  

a Cleaved HA 

C Neuraminidases containing 0.2 unit of enzyme activity/ml of 

Ifposome-cell mixture were uslhfi. 

(For d e t a i l s  see Huang et al,, 1980b)- 
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Table 3 ,  Dependence of Infectivity and Pathogenicity on Cleavabi l i ty  of Hemagglutinin of Havl Subtype 
Avian Influenza Viruses.  

V irus  s t r a i n  HA present Plaque formation Pathogenic for 
in cleaved f o m 1  without t ryps in2  chicken -- - .. 

A/FPV/Rostock 
A/FPV/Butch/27 

A/ £owl/Vlctoria/75 

A/ turkcy /~ng land /S3  
A/carduclis/Germany/72 

A/parrok/Ulstor/73 

A /  iurkey /England/ 7 7 

A/turkey/Oregon/71 

A/nrallard/Ramon, larae1/79  
A'chicken/Dcgania/Israel/8Q 

(EIav 1 N1) 

(HavlNeql) 

(HnvlNcql) 

(Hav'lNav3) 
(HavlN1) 

(Havl N1) 

( navl ~ c q  I I 
(Havll.av2) 

(HavlN2) 

(Hav'iN2) 

--- . . ..-. -. - * . . . 

in CEF,  DEP, TEF, QEP and MDCK ce l l s  (see Table 2 )  

see Table 2 .  



Table 4 .  Correlation between Gene Constellation and Pathogenicity of Recombinants between Fowl Plaque V i r u s  C1 
b9 

(FPV; HavlN1) and the avian influenza virus A/turkey/~ngland/63 (HavlNav3) . 0, 

Derivation of genes e i the r  from FPV (o )  or turkey ( 0 1  
I s o l a t e  Nr . pathogenic Pol 1 ~ t r a  Po1 2 13 A NP N A M NS a 1 

for chicken - 
2 f 0 0 0 0 0 0 0 0 
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Figure 1 
Amino terminus of the hemagglutinin fragment HAZ uf v h s  N CAkhi&Gsrznit~yI~ 
HavZNaql) after cleavage in vivo (chicken egg) or after cleavage in uitrtz by various pr* 
teases. 

Figure 2 
Part of amino acid sequences around the prateulytic ckavage site of H2, Ef3 and B v X  €El71 
hemagglutinins. Arrows indicate the carboxy termini af HA, and the amino termini of El& 
determined on the cleavgd forms d 8 2  1WaterfieM e t  d. 19801. E3 EWmd anb DuphGde. 
19801, and Havl (Klenk et al., 19801. 



ROTT 



Figure 4 
Proposed mechanism of the cooperative action of hemagglutinin and neurarninidase in influenza virus penetration by membrane 
fusion. 
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Figure 5 
Spread of avian influenza viruses in the chsrioallantoic membrane of chick embryo. Chiek em- 
bryos were inoculated wit11 the non-pathogenic virus N (Hav2Neqll b,bt or the pathogenic 
fowl plague virus (MavlNL) (c,d) onto the ectodermal layer (a,d or into the alkntoic cavity 
(b,d). After incubation for 24-48 h after infection. NP antigens were demonstrated in the 
rnzmbranes by the peroxydaseantiperoxydase method Cdor detail see Rott et  a l .  19801. 
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Figure 6 
Multiplication of pathogenic and non-pathogenic influenza virus recomblrrarrts obtained in 
vitro as a function of temperature. 
infected cultures were kept at 37OC fsolid lines) or 4I0C [dotted lines). After the time En- 
dicated neuraminidase activity (upper rowl, plaque forming units fmiddle row), and hemag- 
gluthating units (Iower raid were determined. the symbols o. a. CI or -, $, I represent dif- 
ferent recombinants between fowl plague virus (HavlNLl and Alturkey/EngIandl63 
tHavlNav3) non-pathogenic or pathogenic for chicken. 
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ABSTRACT 
Influenza A viruses in domestic poultry represent a costly disease pro- 

blem for commercial producers, especially in turkeys and ducks. Unfor- 
tunately, we do not know the source of these viruses or the antigenic snd 
genetie composition of the viruses that cause problems. The viruses are 
either maintained in domestie flocks or are introduced from outside 
sources, sneh as feral birds. Current studies, irt ca~junctim with the 
University of Minnesota, have demonstrated the presence of antigenid- 
ly indistinguishable viruses in turkeys, feral ducks and s e n t i d  ducks in 
the same area in 1980. To establish thzt these virrrsw o~iginatedl Erom the 
same sowee, however, it is necessary to examine at1 eight genes and gene 
products of these viruses in greater detail. Studies +n these viruses are 
still in the preliminary stages, so the answer is not yet available; 
however, the successful application of the teehniaues being used ean be 
demonstrated by results from studies on influexza A viruses from seals. 
In this case, a virus antigenically related ta fwxI plague virus was 
isolated from dead h f i b ~ r  seals (Phoca w i t d i m $  is the U.S. Antigertie 
analyses using both heterogeneous antisera and monoclonal antibodies 
showed that the surface antigens and tne nudeoprokein of the seal virus 
were most closely related to recent avian isolates. Studies on the RNAs. 
using competitive hybridization assays, showed that afl eight RNA 
segments were most closely related t o  the RNds  from aviaz viruses. 
These studies indicated that the seal virus arigim:ted from avian viruses. 
Similar approaches are being used fm detecting the origin of viruses in 
the domestic birds - i.e., detailed zatigenic arrd genetic cornparisms of 
isolates from other species, both avian and anammabn, with those ap- 
pearing in these birds. Information from these studies should enable us to 
answer the questions as to whether feral birds, such as ducks, are the 
source of viruses appearing in domestie birds and whether a virus with a 
particular gene eonstehtion is responsible for the annual outbreaks of 
disease. 

Since avian influenza vaecines are currently being used, available 
techniques for the development of effective vaccines, such as highgrow- 
ing recombinants and quantitation of antigen content, are proposed for 
preparation of vaccines with high potency. 
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INTRODUCTION 
The history of avian influenza began with the isolation of virus &om 

sick clornesiic birds almost a century ago (Easterday. 1975). Fowl plague, 
a rap.dly fatal infection fur domestic birds, was first described in Italy in 
1878 : ad ,  in 1955, Schafer showed that the viral agent responsible for 
fowl piague was an influenza A virus. Shortly thereafter, in 1956, influen- 
za A viruses were isolated from sick ducks in Czechoslovakia and 
England. Since then, influenza A viruses have been detected during 
disease outbreaks in many different domestic species, including chickens, 
turkeys, ducks, quail, pheasant and geese in many areas of the world. In- 
fluenza infection in these birds may be asymptomatic, produce mild 
disease symptoms, or may kill the birds within 48 hours. This wide range 
of pathogenicity depends both on thc virus and the host. 

Currently, influenza is a frequent problem in turkeys, particularly in 
North America. The first isolate fron turkeys. APPylEngl63 (EIavlNav2). 
was in 1963 during a severe disease outbreak in England (Wells, 1963). 
Within the  year, viroses were isolated Erom turkeys in Canada (Lang e t  
aL, 1965) and the US. (Bankowski et ah, 19641. Since then, strains 
representing various antigenic suhypes have been detected in turkey 
flocks in many areas; most recently from turkeys in Israel (Lipkind e t a& 
1979, England (Alexander ef ak, 19'791, and the US. CNewman ef al, 1981). 
Within the last three years in the US., influenza in turkeys has been a 
substantial problem and the severity of this problem has stimulated the 
use of polyvalent vaccines, the efficacy of which is still being evaluated. 

These findings indicate that turkeys are currently involved in the cb- 
culation of influenza A vlmses in nature; however, it is not clear whether 
the viruses are maintained in the turkeys themselves or introduced from 
an outside source, such as migratory birds. There is substantial cir- 
cumstantial evidence to support the possibility that wild birds, as ducks, 
represent the source of virus appeasing in dornestie birds (Easterday, 
1915; Hinshaw e t  aL, 1980a). These data indude the detection of an- 
tigenieally related viruses in both feral and domestic birds, perpetual cir- 
culation of diverse antigenic subtypes iii ducks and the occurrenTe of 
disease mtbreaks in the fall during migration of waterfowlI Current col- 
laborative efforts between our laboratory and the University of Min- 
nesota (Drs. J. Newman, B. Pomeroy, D. Karunakaran, D. Halvorsonl are 
aimed at evaluating this point by detailed antigenic and genetic 
characterization of influenza A viruses from domestic turkeys, feral 
ducks and sentinel ducks in the same geographical area within the same 
year. In this study, antigenically indistinguishable viruses have been 
isolated from these different groups in 1919-80; however, this does not 
prove that the viruses share the same origin. It should be recognized that 
antigenic analyses, even with monoclonal antibodies which ere currently 
being used to characterize avian viruses, involve only two (the hemag- 
glutinin and neurarninidase) of the eight gene products of influenza A 
viruses. It has been shown that the RNAs of antigenieally in- 
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distinguishable avhn viruses may be quite different (Sriram et aL. 1980); 
thus, to determine if viruses originate from the same source, it is 
necessary to  compare not only the surface antigens but the entire 
genomes of the viruses. Recent advances in genetic analyses provide the 
opportunity for such comparisons. 

In view of the  current problem with influenza in turkeys, the following 
sections will describe techniques which can be used to address two major 
questions: 

1. What is the source of the viruses appearing in domestic birds? 
2. How can an effective vaccine be developed? 

Although the studies on the viruses in turkeys are  in the preliminary 
stages, the techniques required to answer the above questions will be 
described and illustrated in the following sections by studies on other 
viruses. 

A.Recertt Advances in Antiger& and Genetic Amlysis of I~fluenta A 
Viruses. 
The techniques currently used for detailed antigenic and genetie 

analyses of influenza A viruses are discussed in the following section, Ex- 
amples of the application of such techniques, particularly regarding avian 
strains, are described. 

Antigenic Analyses. 

Hemagglztini% and Neumminidase: The current dassification sf the 
surface antigens of influenza A viruses includes 12 hernagglutinin and 31 
neuraminidase subtypes based on antigenic cross-reactions and genetic 
homologies (WHO, 1980). AH known antigenic sbbtypes and rnu1tipk @om- 
binations of these antigens are represented on viruses ciscufating in 
avian species, as  demonstrated in Table 1. CIitssificatisn of influenza A 
isolates can be accomplished by hemagglutinagon-inhibiti~n {EI) and 
neuraminidase-inhibition (NI) assays with heterdogous or preferably 
with monospecific antisera, e.g., antisera prepared to the isolated henrag- 
glutinin or neuraminidase antigens (Webster e t  ah, 1979. As shown in 
Table 2, influenza virus within the same antigenic subtype, e-g., lRav4N2, 
have been isolated from turkeys, sentinel ducks and feral ducks in the fall 
of 1980 during collaborative studies with Dr. Bruce Turner in Canada and 
Drs. Newman, Karunakaran, HaIvorson and Pomeroy; however, antigenic 
relatedness does not mean that these viruses are the same. 
The above classification, however, was not designed to discriminate 

between influenza viruses within a subtype. Antigenie variations [drift) 
occur in all subtypes, including avian strains (Hinshaw e t aL, 1980a.l. The 
availability of monoclonal antibodies [Kohler e t aL, 19761, which recognize 
singt- actigenic determinants, now permits detailed aztigenie mapping of 
viruses within a subtype. Their application in studying antigenic vrtria- 
tior, in human influenza viruses has recently been established CWebster 
e t at, 1980). Monoclonal antibodks are now proving useful for evaluating 
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RNAs of various strains are distinguishable, suggesting genetic dif- 
ferences. For example, a series of antigenically indistinguishable isolates 
from ducks were examined in this way (Srisam et aL, 1980k. The WNA 
migration patterns of Hav7Neq2 v i r ~ s e s  isolated fsorn Canadian ducks 
within one week showed that each virus could be distinguished from the 
other when the RNA migrations were compared, illustrating the genetic 
heterogeneity of these viruses. These techniques were also used to 
demonstrate genetic reassortment between avian strains which oecur 
readily in the intestinal tract of mixedly infected ducks (Hinshaw et aL, 
1980b). 

Hybridization analyses are used to evaluate the degree of genetk 
homology between genes from different viruses. For example, the duck 
viruses mentioned above were examined by competitive hybridization 
analyses to determine if the differences in RNA migration patterns truly 
reflected genetic diversity (Srirrtm et aL, 1980). T ~ E  hybridization results 
confirmed the migration differences and showed that heterogeneity oc- 
curred in all 8 genes of these avian isolates, demonstrating that these an- 
tigenically related strains possessed different internall genes. Earlier 
hybridization analyses by Sehdtissek et aE 0918) have dearly 
demonstrated that the human pandemic strains, Among KongM63 
IH3N21, contained seven of the eight genes from the preceeding haman 
strain of AISingaporelll57 Pi2N21; however, gene 4, coding for the hemag- 
glutinin, had little homology with the h u m a ~  H2N2 viruses. This gene 
was more closely related to the MA gene from DuckDhaine!l/63 
IHav7NeqZ) and AIE;quine/Miami/ll63 (Meq2NeqZ). These studies provide 
additional evidence for relationships between influenza A viruses, in- 
dicating that viruses in lower mammals and birds may serve as a source 
of genes appearing in new human pandemic strains. Hybridization 
analyses provide the  opportunity to determine whether genes in one 
virus are shared with other strains appearing in different species. 

Oligonucleotide mapping can detect a small number of raucleotide 
changes in the genes of closely related viruses. Desselberger et alf1978) 
examined isolates from ducks in France for evidence of genetic exchange. 
In this case, they showed, by oligonucleotide mapping, that two isolates 
(Hav6N2 and HavGNav4) from naturally infected ducks possessed hernag- 
glutinin and matrix genes which were almost identical. They concluded 
that these genes originated from the same virus and were introduced into 
these two antigenically different strains by genetic reassortment In a 
mixedly infected duck, suggesting that digonudeot~de mappieg can 
determine whether viruses share identical genes. 

Recent advances in nucleotide sequencing now permit comparisons of 
the actual nucleotide sequences of different strains. There is an increas- 
ing amount of sequencing data available on both avian and mammalian 
viruses. With regard to avian viruses, A. Porter (1979) has recently 
described the complete nucleotide sequence of the avian £ow1 plague 
virus HA gene from cloned DNA. The availability of sequencing data will 
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enable very detailed genetic comparisons between viruses, a topic which 
is too extensive to be covered in detail in this paper. 
Applicatiola of Reeen t Techniques to De temi l le  the Origin ofAn 1a.zew 
za Isolate. 

The following study on an influenza A virus isolated froan sick harbor 
seals Phoca vitulind demonstram the application of recent. techniques, 
as described above, to determine the origi~ of a virus- 

In December, 1979, an unusually large number of dead or moribund 
harbor seals were found on the beaehes sf Cape Cod, Massashusetts, 
USA. Postmortem examination of these animals revealed severe lung 
consoEdation typical of primary viral pneumonia (Geraci s t  aL, 1981b. 
Analysis of tissue samples from these animtds revealed high titers of in- 
fluenza virus in the lungs (106 to 101 EID,!gd and lower titers ira the 
brain (101-5 to I@-5 EIDm/grn). All virus isolates were of the seratype, 
HavlNeql (H?N?) (Lang et  aL, 1981; Webster et aL, 19811. The pmtotype 
virus with this antigenic combination is AlFow l PIacguelDutcHRT, a strain 
that had previously been associated with severe disease outbreaks in 
domestic fowl. The host range of this virus w.7 tested by experimental 
infection of several species of birds and mammals (Webster et aL, f 98lt. 
Replication in birds was sporadic and limited to the respiratory tract. 
There were no clinical symptoms and no intestinal repkatbn of the virus 
as is seen with many avian influenza virus strains. In mammals, the virus 
replicated in the respiratory tract of swine, eats, ferrets, guinea pigs and 
mice. 

The above studies showed that 3 of the 7 structural proteins of the seal 
virus were antigenically similar to avian influenza viruses- The RNA 
segments of the seal influenza virus were, therefore, analyzed to deter- 
mine the extent s f  genetic homology with influenza viruses from other 
species. Genetic homologies were measured by competitive RNA:RNA 
reassociation as described (Bean et at, 1980). The RNA gene segments of 
AISeaIlMasslll80 were isolated by polyacryhmide gel electrophoresis, 
hbeiled with I%dine, and annealed to RNA from seal virus or from 
other virus strains. Annealing reactions were run at E0 below the 
homologous melting temperature. This modest level of stringency was 
used to show overall levels of homology rather than small differences in 
base sequence which are amplified when the reaction is run at a higher 
temperature (Sriram e t d, 1980). 
The influenza virus strains chosen for comparison with the genes of the 

seal virus are listed at the top of Figure 1. These include representatives 
of all of the human, equine and swine serotypes and a series of avian in- 
fluenza isolates from several. species representing all of the avian- 
hemagglutinin and neuraminidase subtypes. 

RNA from each sf these strains was used in competitive reassociation 
assays with individual labeled sea1 virus RNA segments coding for the 
nonsurface proteins. With all seal RNA segments, the most closely 
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related corresponding RNAs were found in various avian influenza 
strains. For example, with RNA segment 3 (Fig. I), the most closely 
related strain was AIGull/Md/SI77, while with RNA segment 5 (Fig. 2), the 
most closely related strain was Alduck/AlbertalBOlT& None of the  strains 
tested contained genes closely related to all of the seal W A S  and only 
one of the strains with a closely related gene (Ty/Oregon/71, gene 7') also 
had the appropriate hemagglutinin. This virus, A/Seal/Mass/l/80, pro- 
vides the first evidence suggesting that en influenza strain deriving aH of 
its genes from one or more avian influenza viruses can be associated with 
severe disease in a mammalian population. 

B. Recent Advances in the Quality and Stanclardization of h t i z k t e d  In- 
fluenza Vaccines. 
Since inactivated influenza vaccines are currently being used in 

turkeys in the US., it seems appropriate to consider the available techni- 
ques which can and should be used to produce effective vaccines. These 
improvements a re  primarily concerned with increasing the antigen con- 
tent (potency) of a vaccine which is critical in producing a vaccine that can 
induce an adequate immune response to provide protection. A great deal 
of time and effort has been devoted to the development of good vaccines 
for human use, thus it is important to consider these techniques in the 
development of avian vaccines. 

There have been severar developments since 1968 which have greatly 
improved human vaccines (Schild et  aL, 1916): 
(1) The use of high-yielding recombinants for vaccine productfun: In 

this case, high yielding recombinant strains of an influenza isolate can be 
prepared by recombination of a new antigecic variant with a rapidly 
growing laboratory-adapted strain, such as APri8i34 (HONII as desccrib- 
ed by Kilbourne (1968). 

(2) The me of r t3s  zonal centrifugation techniques: The use of these 
techniques has led to a considerable improvement in vaccine purity and 
potency. 

(3) Tho development of the single radial diffusion test (SchZd et aL, 
1975) to assay the antigenic content of vaccines. In this assay. the an- 
tiserum to t h e  HA of the  vaccine strain is incorporated into an agarose 
gel and dilutions of test and reference viruses are placed into wells in t he  
gel. Zones of antigen-antibody reactions develop and can be measured. In 
this assay, the quantity of HA is directly proportional to the area of the 
reaction zane and can be used to determine the quantity of HA in a vae- 
cine. This approach has several advantages over standardization by 
hemagglutinin (chick cell agglutinin) levels and has been used to develop 
international standards for human influenza vaccines. 
Preparation of High-Growing Recombinants for Avian Influenza Vac- 
cines. 

In developing vaccines for use in turkeys, it was noted that initial 
isolates from the turkeys produced low and erratic hemagglutinin yields 
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.ne use. in eggs (HA yield of 120 to 1:160) which were unsuitable for vac& 
Thw, our laboratory was asked to prepare high-growing recombinants 
for use in experimental vaccines. The human strain, AIPrI8134: fMt. Sinai) 
(EPONI), which produces hemagglutinin yields of 1:1280 to l:2560, was us- 
ed as the gene donor of the high-growth potential, as previously describ 
ed (Kibournet et  att, 1968). With two turkey strains (Eav6NP F6Nl j  and 
MavINav2 v7N3l  isdatesb, high growing recombinants, which were aa- 
tigenically indistinguishable born the parental turkey v h s ,  prodaced 
HA yields of 1:646)-P:l280, greater than 10-fsld higher than the originai 
viruses. Repeated efforts to increase the yields of an Hav4Neq2 [H4Kj 
isolate resulted in only a 2-4 fold increase, i.e., HA yields of M60. f n cases 
in which the high-growth potential i s  not obtained, the use of an an- 
tigenieally related virus w hi& already has that potential s hodd be con- 
sidered. As shown with 2 of the above viruses, this teehnicpe 
substantially increased the hemagglutinin yields &om eggs. At tris the, 
however, this technique bas not been widely applied for other viruses us- 
ed in avian influenza vaecines. Thus, the antigenic content of these vac- 
cines depends on viruses which may or may not grow to high titers in 

It must be recognized that even with high-growing recombinants, the 
yields of different harvests during vaccine production may vary due to 
many different factors. Thus, once a vaccine is produced, if, is critical to 
determine the antigen content by an accurate, standardized method to 
ensure that minimum antigen content is maintained. The techniques for 
accurate quantitation of vaccine potency 2s SRD ldescribed above) Bave 
not been applied in avian vaccines. It is clear that additional studies are 
needed to evaluate the poterxy of the vaccines being used so that the 
minimal antigen content required for protection of the turkeys can be 
ascertained. 

CONCLUSIONS 
The above studies indicate that recent advances in the antigenic and 

genetic analyses of influenza A viruses can be applied to address ques- 
tions of importance to commercial poultry producers, i.e., determining 
the source of the viruses and developing potent vaccines, 

If the viruses appearing in turkeys during disease outbreaks are in- 
troduced by feral birds, as ducks, an aspect currently being evaluated, 
the producer may consider containment as the most effective means for 
preventing introduction of the viruses. If this is not feasible or if the 
viruses are maintained in the turkeys themselves, the producers may 
have to rely on preventing disease problems by vaccination, 

There are many questions on avian influenza A viruses which remain 
to be answered, yet the recent advances in antigenic and genetic analyses 
should prove extremely helpful in answering these questions. Such 
studies should enable us to better understand the biology of influenza A 
viruses circulating in birds and, when necessary, to prevent such infee- 
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tion. The techniques to develop ~ffective avian vaccines are available; 
yet, their application in avian vaccines has received Little attention thus 
far. Since avian vaccines are relatively new, it is important to apply the 
available techniques now. By these methods, effective, potent avian vac- 
cines can be produced. 
The advances in influenza research can well be applied to the solution 

of practical problems with avian influenza which confront the poultry in- 
dustry today. 

TABLE 1 

HEMAGGLUTININ AND NEURAMINIDASE SUSTYPES OF INFLUENZA A VIRUSES 

ISOLATED FROM GIRGS" 

Hemaggl uti ni n 
Sub type 

Neurami nidase 
Subtype 

N1 
?I 2 

Neq 1 
Neq2 
Navl 

Nav2-3 
Nav4 
Nav5 
Nav6 

Isolates from b i  rdsC 

a~urrent subtype designation. (WHO, 1971 ) , 

b~mposed subtype designation. (WHO, 1980). 

 he earl ies  t recorded viruses with the designated subtypes isolated from 
b i r d s  are presented, (Hinshaw et a l , ,  1981a). 



Antigenic 
Subtype 

AVIAN INFLUENZA VACCINES 

TABLE 2 

ANTIGENICALLY RELATED INFWENZA VIRUSES ISOLATED 

FRO!.! FERAL DUCKS, SENTINEL DUCKS 

AND TURKEYS FROM SEPTEMBER - DECEMBER, 1980~ 

Feral Ducks i n  Sen'inet Oucks 
CanadaD Minnesotac M i  nnesotaa 

Turkeys i n  
d 

M i  nnesotae 

a 
Viruses were iso lated in enbryonated chicken eggs and classified in HI and NI ts-~sts 

w i t h  nionospeci f i c  a n t  isera, as previously described [~almer et a1 . , 1975; Aymad- 
Henry -- e t  al., 7973). 

b~so lates  from l i v e  ducks  during banding studies i n  Alberta, Canada, by Dr. Bruce 
Turner, as  previously described [ H i  nshaw et a1 . , 1 98Ga). 

'~solates from hunter-ki 1 l ed  ducks i n  Minnesota. 

d~solates obtained from sentinel ducks placed on lakes i n  August, 1980, adjacent to 
turkey farms i n  Minnesota by Drs. Newman, Haluorson, Karunakaran, Panemy a t  the 
Uni versi ty o f  Minnesota. 

e l s o ~ a t e s  obtained from turkeys i n  Minnesota by the above investigators a t  the  
University o f  Minnesota. 
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Figure 1. 
Competitive hybridization analysis of RNA gene segments of AiSeaUMass/sill80 with influen- 
za virus strains of avian and mammalian origin. Labeled RNA segments of AISeaVMasslX180 
were prepared as described (Beail el  aL. 1980) and annealed with horndogous complementary 
RNA in the presence of inrreasiag concentrations of RNA from the virus strains listed at the 
top of the figure. RNAs 1.2 and 3 code for the 3 polymerase proteins. 

I SEAL RNAs I 8 2 

SEAL 3 RhlA 
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Figure 2. 
Competitive hybridization of RNAs 5, 7 and 8 of the seal virus. These RNAs code for the 
nuclwprotein. matrix and nonstructural protein, respectively. Experimental details are 
given in the legend to Figure 1. 

SEAL RMA 5 

1 I 1 I 1 

0.05 0.16 0.25 0.5 
Competing Viral RNA {pqE 
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DR. LANG: In matters of vaccination, H would like to give you an opinion 
as a veterinarian. Another parameter has to be added in the evaluation of 
the vaccine protection and this is the duration of immunity induced by a 
vaccine which is very rarely given in immunization studies in influenza in 
all species. And the second parameter which has to be specified is which 
species was the virus derived. It is not adequate to develop a vaccine just 
in chickens and then use this in both chickens and turkeys, The turkeys 
are not as well immunizible as the chicken is. The immunity is very short. 
Also I would like to comment on this whole area of information about uac- 
cination against fowl plague. During the war years, the US. Government 
did extensive studies and there were rnany studies in the countries sf 
Europe on immunization for fowl plague; and so far we have not been able 
to accept the vaccination program for the control of fowl plague. 

The authors are indebted to Mr. John H. Prescott and staff at the New England Aquarium 
for the samples and information on seals. Th;: work was supported in part by grants A1 
02649, A1 08831 and AI 16841 from the National Institute of Allergy and Enfectims Diseases, 
by Childhood (lancer Center Support Grant CA 21'165 from the National Cancer Errstitute and 
by ALSAC. The field studies and experimental studies were supported in part by the Na- 
tional Marine Fisheries Service, Arco Foundation, Canadian Department of Fisheries and 
Ocer ns, and the National Sciences and Engineering Research Council of Canada (No. A6130). 

The authors wish to thank Jim Bigelow, Karl Skirnisson, Sigurbjorg Thorsteinsdottir, 
Maria Costanzo, G. Early, J. Fortin. AIford Pointer, Carh Skinder, Mary A m  StaEmach and 
Kathryn Newton for excellent technical assistance, and David St. Aubin for his considerable 
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INTRODUCTION 
In influenza A v ir~ser  the haemagglutinin spike consists of a trimer of 

three identical glyeopdypeptides with an apparent molecular weight of 
15,000 - 80,000 (MA polypeptide) or as a disulphide-bound complex of 
smaller giyeapolypeptides of about 50,000 (HAJ and 30.003 (RAJ produe- 
ed as a result of protealytic cleavage of the monomer (Klenk et aL, 19771. 
Such cleavage is extremely important, as virus particles assembled with 
uncleaved HA are non-infectious, although infestivity may be restored by 
protease treatmsnt in vitro iMlenk et aL, 1975). A11 influenza viruses have 
cleaved HA polypeptide when grown in chick embryos or isolated 
ehorioaIIantoic membrane eeffs, but in other cell systems, such as Nadin 
Dsrby Canine Kidney (MDCKI cells, not all viruses are produced with 
cleaved MA CRott. 1979). 

Plaque formation in cell cultures is dependent on the release of infec 
tious particks from the origiaaliy infected ceH and in influenza virus in- 
fections it is rekited t o  the nature of the HA polypeptide. So that, in eel1 
syst.e,ems such as MDCK cells. viruses that are produced with a elcaved 
MA wiil produce plaques under normal conditions whereas those viruses 
produced without a cledved HA will only form plaques in the presence of 
a protease s w h  ns trypsin (Klenk et aL. 1975, 1977). It has also been 
demonstrated that the pathogenicity of Tnfluema A viruses for chickens 
showrs a strict correlation to ckavabiilty of the HA and plaque formation 
in a wide rarige of cell types IBoscfi e t aL, 1979). It is considered that ally 
viruses produced with cleaved MA in a broad range of cell types are able 
to spread t o  and infect vital tissues and organs, while other viruses are 
restricted to  replietion in less important sites (Boseh et crL. 1919; Rot+ 
19861. This bas been confirmed, to some extent, by the demoinstratian 
that aftitr infection of the chorionfc layer of c e b  in chick embryos, 
pathogenic viruses were able to spread to azd replicate in all layers of the 
chorfoalfantoic membrane, while nmpathogenic strains did not spread 
beyond the site of inoculation (Rott et aL, 1980). 

Studies aimed at assessing the virulence of influenza viruses for 
chickens have produeed results that are in aweement with the concept 
that pathogenicity is chiefly governed by the deauability of the HA 
polypeptide in that viruses have tended to show one extreme or the other 
In terms of virulence for chickens (Man et aL. 1917, Ogawa et  aL, 1980L 
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However, there have been some reports of virtrses showing intermediate 
levels of virulence for chickens in laboratory studies (Allan et  aL, 1927; 
Alexander et aL, 1978; Alexander & Spackman, 1981; Wetsbury et aL, 
19791. In the present study influenza isolates, selected to show a fullspec 
trum of virulence, have been examined in MDCK cells for infectivity, 
plaque-forming ability and the structure of the HA polypeptide. 

MATERIALS AND METHODS 
Viruses 

The viruses used in the present study are listed in Table 1. Each virus 
had been, at sometime, cloned by two passages to limit dilution in 9-10- 
day-old embryonated fowls' eggs, Chick embryo grown virus was pre 
duced by inoculating about lo3 EID, into the allantoic cavity of 9-10-day- 
old embryonated fowlsv eggs. 

Cell culture 

MDCK cells in 5cm diameter plastic f etri dishes were used for plaque 
assays. Cell cultures were washed wet1 with phosphate buffered saline 
pH T 4  to remove serum before the addition of virus. Overlay medium 
contained no serum but, when applicable, lUug/rnl trypsin was added. 
Plaques were measured and eomied 12 haws after infection, Viruses for 
glycopdypeptide analysis were grown in MDCR cell cultures in 175 cmZ 
flasks which were infected with about one EIL),lcell, 

Viruses were purified by sucrose density gradient centrifugation and 
subjected to polyacrylarnide gel electrophoresis (PAGE) on 130h 
acrylamide gels in the presence of 1% sodium dodecyfsulphate (SDS) and 
2% dithiothreitol as described (Alexander & Collins, 1981). Giycopolypep- 
tides were visualized by staking with Sehiffs reagent. 
Pathogenicity 

Where necessary, infectious allantoic fluid was diluted with PBS so 
that six-week-old chickens were each infected with about lO"EIf3, of 
virus in O.lrnl and the intravenous pathogenicity indices (XVPI) ca2culated 
as described (Allan e t ab, 19T7). 
RESULTS 
Pathogenicity 

The pathogenicity of the six viruses was estimated by calculating IT- 
PIS in chickens after administration of approximately the same infectious 
dose for each virus. The values obtained indicated a broad spectruln of 
viruIence for the six viruses (TabIe I), ranging from al birds dead within 
24 hours for AlchickenlGermanyf34 (ck/GerrniS4) to a complete abserrce of 
clinical signs with A/parrot/Northern Irelandl'73 (ptiN.Li73t. AIL birds iz- 
feeted with AiehickenlAustraliai75 (ckiAusti75) died within the 10-day 
observation period, while 9/10 birds infected with Alturkey!Ehg- 
land1384 f79 (tytE ~gj384]?9), 6/10 birds in fee ted with AbturkeytE ngland[69 
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kylEngl69) and 3/10 birds infected with Alparakeet/England/l38/75 
(pkt/Eng/138/75) died. 

Plaque formation 

A11 six viruses showed some evidence of plaque formation in the 
absence of trypsin in the overlay. Plaque morphology varied eon- 
siderstbly, from large well-defined plaques produced by ckSerrn/34 to 
tiny, poorly-defined plaques produced by pt/N.I.!?X The six viruses fell 
into three groups on the basis of plaque size in the absence of trypsinr 1) 
cklGerml34 with plaques about 2mm in diameter 2)  ekiAustPI5, 
tylEngi384179 and pkt/Eng/l38/75 with plaques about 1 mm in diameter 3) 
tylEngl69 and ptn\T.I.l73 with plaques about 0.5 mrn in diameter (Table 2). 

The presence of typsin in the overlay mediurn caused little or no 
enhancement of plaque size for cklGerm134 and ck/Aust175. However, a 
threefold enhancement was seen for tylEng[69, ty,Eng/334/19 and 
pktlEng/l38/75 while plaques formed by ptlN.IJ75 showed a six-fold in- 
crease in size (Table 2). 

Titrations of egg-grown virus in MDCK cells in the preseace and 
absence of trypsin in the overlay medium enabled similar groupings of 
the six viruses to be made. Little or no increase in titres were obtained 
for ck!Germ134 or ck/Aust75 by the incorporation of trypsin into the 
overlay medium. In contrast, pt,N.X./?3 showed a 1500-fold increase in 
titre; while the other three viruses showed an intermediate 25-35-fold 
enhancement of titres (Table 3). 

The six viruses were grown in chick embryos and MDCK cells in the 
absence of trypsin, purified by sucrose density gradient centrifugation 
and subjected to  SDS-PAGE. The glycopolypeptides were detected by 
staining with Schiffs reagent and the apparent molecuEar weights 
estimated (Table 4). Four glycopdypeptides may be detected in gels of 
influenza viruses:- HA, its cleavage products HA, and HA2 and the 
neuraminidase polypeptide (N). A11 four were seen in gels of ckTGerd34 
and the estimated molecular weights of 73/16.000 [HA), 57/58,000 4HAJ, 
48,000 (N) and 30,OOQ (HA2) are comparable to those reported by Bosch et 
al. (19791 for this virus. 

In gels of tyEngi384119 and ptlN.L./73 the N polypeptide appeared to 
migrate to a position close to the HA polypeptide as ckse examination of 
the gels revealed a double band at the positien of the highest molecular 
weight polypeptide. The differences in the glyeopdypeptide profifes of 
pkt/Eng/138/75 and ty/Eng/69 compared to the other viruses could be ex- 
plained if the HAr and N polypeptides of these two viruses migrated to 
the same position, but there was no evidence of this. 
The overall results indicated that ail six viruses grown in ernbrymated 

fowls' eggs had a cleaved HA polypeptide but that only cUGerm/34 and 
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ck/Aust/75 had a cleaved HA polypeptide when the viruses were grown in 
MDCK cells in the absence of trypsin. 

DISCIJSSION 
Boseh e t  aL, (1979) established that the single most important factor 

governing the pathogenicity of influenza A vimses for chickens is the 
property of the HA polypeptide to be cleaved in a wide range of cell 
types. The results of the present study are  in agreement with this finding 
as the t w ~  most virulent viruses for chickens, ckIGerrn134 and ck/Aust!75, 
were the only two to  show cleavage of the HA polypeptide when grown in 
MDCK cells. Similarly, these two viruses failed to show enhancement of 
titre or plaque size as a result of addition of trypsin to the cell culture 
medium. However, cklGermi34 was measureably more virulent for six- 
week-old chickens than cklAustfl5. This may be related to the difference 
seen in the size of the plaques formed by these two viruses in MDCK 
cells. Plaque formation over a specified time can be regarded as a 
measurement of the  speed of replication of the virus. The smaller plaques 
seen with ekiAustl75 virus may, therefore, indicate a longer replicative 
cycle and this, in turn, may mean that the virus would take longer to 
cause disease and death in in uivo. 

There is no immediately obvious explanation for the differences seen 
between ptlNJ.173 and the other viruses which were produced in MDCK 
cells with an uncleaved HA polypeptide. Low levels of infectious progeny 
produced in MDCK cells by viruses which normally have uncleaved HA 
polypeptide have been recorded (Rott, 1979) and this may account for the  
plaques formed by similar viruses in the present study- It is possible that 
such infectious particles are produced with a greater frequency for 
tylEng1384/79, ty/Eng/69 and pkt/Eng/l38/15 than with ptlN.I./73 and th i s  
may offer some explanation for the greater infectivity in MDCK cells in 
the absence of trypsin and the higher virulence. However, differences in 
infectivity and plaque size were seen amongst these three viruses that do 
not relate to the differences in virulence and are probably indicative of 
the complexities of the properties that  may be important in determining 
minor variations in virus virulence. 

In conclusion, the resuits obtained in the preseot study are in agree- 
ment with those of Bosch e t  a1 (19791, who concluded that the single most 
important factor in determining the pathogenicity of an influenza virus 
for ehickens is the structure of the HA polypeptide, but also suggest that 
the rate 05 replication and the proportion of infectious particles produced 
may play r~ role in determining the level of pathogenicity of a virus. 
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Table 1 

1ntraw:nous pathogenicity Indices 
of influenza A viruses used 

in present study -... 

- 

Virus 

a : Each virus was di luted to give 
approximately lo6 EID per OIlnl 
which was in jec ted  in go- ravenously 
i n t o  each of ten six-week-old 
chi ckens . 



PLAQUEFORMING ABILITY IN MDCK CELLS 

Effect  of trypsin ( 1 0 p g / m l )  in ovcrlay on s i z e  
of plaques formed in MDCK celLs by - 

influenza A viruses 

Virus  

Mean diameter 
of plaques 

(m> 

without wi tb 
trypsin trypsin 

Ratio 
with/without 
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Tabla 3 

Effect  of trypsin ( I . ~ ~ g / n i l )  in overlay on pl-aque ------ --- - 
fo rmat ion  in WUCR c e l l s  

P F U " / ~ ~  PFU/ml Ratio 
Virus without with withfwithout 

tryps  i n  trypsin trypsin 

- -. . - . . . 

a : PE'U = plaque forming units 
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SUMMARY 
Two different approaches to influenza diagnosis have been used at the 

National Veterinary Services Laboratories fNVSL). Specimens submit- 
ted from domestic birds were inoculated into emhyonating ehlcken eggs 
by the dlantoic route. At 4 days post-inocuIation, the amnioraic-allantoit 
fluid (AAF) was tested for hemagglutinating (HA) viruses. Any HA virus 
isolated was first screened on the irnmunodiffusion test for type A 
ribonucleoprotein antigen. The envelope antigens of the virus were then 
identified ming first the neuraminidaseinhibition test to identify the 
neuraminidase and then the hemagglutinalion-inhibition (HI) test to W e  
tify the hernagglutinin using an antiserum produced against s v h s  with 
a different neuraminidase. 

The second approach was used on szrbnnlssims from import birds. 
Specimens were inoculated into enzbry mating chicken eggs which were 
then incubated for 5 days. The AAF f s m  the eggs with dead embryos 
was tested for MA viruses. If none were detected, a second passage was 
made. The HA viruses were tested against XeWcast2e disease antiserum 
with the Newcastle disease BI test. 

All the HA isolates from import and d~mestie birds were inoedated En- 
to 4- to  6-week old susceptibie chickens and turkeys by the caudal 
thoracic air sac route. In addition, the influema isdates made at NVSL 
from domestic birds were inoeulatad by the intrannsaf mute into 
chickens and turkeys and the intravenws and iatracerebrd pathage&& 
ty indexes of the isolates were ahct determined. Influema A vb8f isdates 
from 2 of the 1,348 Sots df import birds tested were pathogenie. 

The following hemagglutinin-neuraminidase subtypes have been 
isdated at NVSL from domestic pouttry: Rae2 Neql, Em6 Nl, Hav4 
Keg2, Hswl N1, Mav 6 Nf5: and &v4 N1. Since the GSDA import bird pro- 
gram started in 3913, app~oximatdy 6,000 MA viral isolates have been 
made. Of 413 selected isolates fram 1919 a ~ d  1980 that were characteriz- 
ed, only 8 were influenza viruses. 

INTRODUCTION 
The laboratory diagnosis of influenza is based on the isolation znd iden- 

tification of the virus andim detection of specific antibody against the 
virus. The basic isolation method for influenza viruses is the inocuriatioe 
of embryonating chicken eggs. The first step in influenza vhus 
characterization is to identify its ribonacleoprotein tRNPZ using the im- 
munodiffusion (ID) test. All influenza viruses that have been isdated 
from avian species have had type A RNP; therefore, the ID test is used as 
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a group specific test to identify avian influenza isolates. The envelope an- 
tigen subtyping of the virus is determined using the HI and 
neuraminidase inhibition (NII tests. 

Pathogenic and non-pathogenic influenza A virusss with serdogically 
identical surface antigens have been isolated. This led to the suggestion 
by Beard and Easterday5 and later by AIlan e t  a1.2 that the virulence of 
the isolate must also be determined. The method used is the inoculation 
of susceptible poultry, usually chickens andlor turkeys. 

The details of the avian influenza diagnostic techniques used a t  the 
NVSL are described in this paper. All influenza A virus strains referred 
to in this paper are classified according to the 1971 nomenclature? The 
nomenclature was recently changed.'3 The new subtype designation for 
the influenza A viruses is provided (Table I). 
MATERIALS AND METHODS 
Virus Isohtiow Depending upon the source of the specimen, two dif- 

ferent isolation procedures were used. The specimens born birds submit- 
ted for importation into the United States were tested for pathogenic 
embrydethal viruses. The procedure for collection and testing of 
samples has been described? Two changes were made since this pubha- 
tion. The sample collection was reduced to the first 15 days of the 30-day 
quarantine. Tissues were collected into brain-hearbinfusion broth from 
30 of the dead birds and cloaca1 swabs were collected from the remaining 
dead birds up to 150 per day. Swabs from five birds were pooled into one 
tube. The specimen fluid was mixed with antibiotics and 0.3 ml was in- 
oculated into each of four 8- to 11-day ernbryonating chkken eggs by the 
allantoic route. Embryos that were alive after five days' incubation were 
considered negative and discarded- If an embryo died, the arnnionic- 
allantoic fluid (AAF) was checked for HA viruses. If no hernagglutination 
was observed, a second passage was made. 
The procedure for the isolation of influenza virus from domestic birds 

was to inoculate 0.3 rnl of a 10016 tissue suspension or medium from the 
swabs into four ernbryonating chicken eggs by the allantoic route. The 
AAF from all embryos that were dive a t  4 days and all embryos that died 
was tested for hemagglutinating activity. 

Alsztisemms: For virus identification, antiserums were produced 
against 43 different strains of virus. Antiserums were produced against 9 
recombinant viruses which had 9 of the 10 described neuraminidase sub- 
types. A recombinant for Nav4 was not available. The recornbimnt 
viruses had Heql or HO hemagglutinin. Antiserums were produced 
against a t  least 2 viruses with the same hemagglutinin, but with Merent 
neuraminidase antigens. One of the viruses for each hemagglutinin sub- 
type was a recombinant with N1 or N2 neuraminidase. All the recombi- 
nant viruses and some of the prototype strains were supplied courtesy of 
V. S. Minshaw, Department of Virology, St, Jude Children's Hospital, 
Memphis, Tennessee. The other prototype strains were supplied 
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courtesy of B. C. Easterdaj-, University of Wisconsin, Madison, Wiscon- 
sin. The chickens were inoculated intraveneously (IV) with 3 ml of AAF. 
The birds were exanguinated at 10 days post-inocuktion if they had an 
HI antibody titer of 1:64 or an N1 titer of 1:10. If the titer was low, a see 
ond TV dose was administered and the birds exanguinated 10 days Eater. 

VLms Characterization: All hemagglutinating viruses were tested 'by 
the Newcastle disease HI test using t h e  previously described procedure? 
The isolates other than NDV from imported birds were tested for 
pathogenicity for chickens and turkeys. At least one isolate from each 
species in each submission was saved for later characterization. 

The isolates from domestic birds and the selected isolates from import 
birds were tested for influenza type A RNP using the ID test. The 
positive control antigen was prepared from the chorio-aIIantoic mem- 
brane (CAM) of embryonating chicken eggs inoculated with a type A in- 
fluenza virus using a method similar to that described by Beard-fter 
freezing and thawing 3 times, the CAM was homogenized, frozen and 
thawed-3 more times and then homogenized again. The CAM suspension 
was then centrifuged and the super&e saved. Additional antigen was 
extracted from the sediment by treating overnight at 4 C with glycine- 
Ssrkosyla buffer9 and then sonicated. The sediment was diluted, shaken 
vigorously, centrifuged and the supernate pooled with the original CAM 
supernate. The AAF from the embryonating eggs inoculated with in- 
fluenza virus was acid precipitated following the previously described 
procedure? This acid precipitated AAF antigen was added to  the CAM 
antigen. The antigen was inactivated with 0.1% beta propidactone. The 
agar used for the ID test was 0.7% Oxoid L28b in phospate buffered saline 
(PBS) with 8% NaC1. The test was performed in 100 mm dishes contain- 
ing 15 rnl agar. The pattern was cut with a 7 well template with 6 wells 
evenly positioned around a center well. The wells were 5.2 mnr in 
diameter and 2.4 mm apart. A positive antiserum was placed in the center 
well with positive control antigen and unknown aztigen added to alter- 
nate we!?s around the center well. Three unknown antigens can be tested 
on each pattern. The unknown isolate was identified as influenza if it pre  
duced a line of identity with the positive control antigen. The unknown 
antigens were untreated AAF from inoculated eggs. If the titer of the 
unknown antigerr was low, i t  was acid precipitated? 

The neuraminidase of the type A influenza virus was identified using a 
procedure modified by Van DeusenIo from a procedure described by 
Aymard-Henry, et a1.3 The test was performed in white polystyrene 
microplates. An unknown antigen was identified by testing 0.025 ml of 
1:12 dilution of the antigen against 0.025 ml of each of the standardized 

A ~ e i g y  Industrial Chemicals. Division of Geigy Chemical Corpo&ion. Ards'ley. New 
York, 10502. 

%mid Limited, London SE19BF. England. 
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antiserums. The incubation time after adding fetcin was decreased from 
18 hours to  3 hours and a 56 C water bath was used instead of a 100 C 
water bath. The plates were observed for an inhibition of the pink color 
reaction indicating the subtype of neuraminidase antigen of the unknown 
isolate. Extracting the reactants with butanol was not required. 

After the neurarninidase subtype of the isolate was established, the 
hemagglutin subtype was determined using the  HI test as described in 
the Public Health Service Procedure9 or the Newcastle disease HI pro- 
cedure? To avoid steric inhibition, the HI antiserums selected did not 
contain the same neuraminidase as the unknown isolate. 

Pathogenicity Tes tilag: I~f luenza isolates from domestic birds and the 
HA isolates fro= birds submitted for importation into the United States 
were inoculated into four 4- to 6-week old chiekens and turkeys by the 
caudal thoracic air sac (CTAS) route. Up to 40 HA isolates from import 
birds were pooled into one group of birds. However, most groups re- 
ceived a single isolate or pools containing 2 to  10 isolates. The birds were 
inoculated with 0.2 ml of a 1:10 dilution of AAF using a 25 gage 5W inch 
needle. The site for in jeetion into the CTAS was ventral to the junction of 
sternal and vertebral portion of the last rib. The tip of the needle was 
pointed dorsally under the last rib. The i m d a t e d  turkeys and chickens 
were held in isolation cages for 10 days. The birds were observed for 
evidence of clinical disease. Necropsies were performed on all birds 
inoculated with HA isolates from pet birds between 1973 and I915 

Six different serotypes of influenza virus from domestic poultry were 
also pathotyped by inoculating chickens and turkeys intraxlasaI.ly. Also, 
the intracerebral pathogenicity index OCPD and intravenous pathogenic- 
ity index (IVPI) were determined as described by Allan, et al.' The 
inoculum used was 0.5 ml of a 150 dilution of AAF for the IVPI and 0.05 
ml of a 1:10 dilution for the ICPX. Further pathogenicity testing was 
performed on a Rav4 Neq 2 virus isolated from a flock of AIabarna 
chickens. 

t 
i Serologic Tests: Serums submitted for avian influenza tests were first 

I screened by the ID test using the same procedure described for virus 
characterization except that the positive control antigen was added to 
the center well with the unknowns and positive control serum added to 
alternate peripheral wells. The neuraminidase fN) subtype of the positive 

I 
serums is determined by the Nf test using a procedure similar to that 

I described for virus characterization. The serum was diluted 1 :2 and heat 

i inactivated to 56 C for 30 minutes. A 0.025 rnl sample was tested against 
I 
I 

0.025 ml of each of the standardized N antigens. The hernagglutinin was 
i determined using either t h e  Public Heah h Service or Newca:: t:.. HP prcs 
1 cedure. The samples were not heat inactivated or treated with receptor 

destroying enzyme. Turkey serums were absorbed with chicken red 
blood cells prior to performing the HI test. This absorption was per- 
formed in microphte wells by placing 0.05 rnl serum in 0.1 rnl of PBS and 
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adding 0.05 ml of a 1:10 suspension of rooster red blood cells, The plate 
was shaken and allowed to stand for 30 minutes at room temperature. 
The resulting 1:4 dilution of the serum was used for the HE test. The 
serum sampIes were tested against each of the hemigglutinin subGypes 
using antigens that did not contain the N subtype of the serum. 

RESULTS 
Import M s :  Since the present USDA import bird program was 

started in October 1973, 1,348 lots of birds have been submitted far Em- 
portation through the privately owned, USDA approved, quarantine 
facilities. The size of the lots ranged from 2515,000 birds. Hemag- 
glutinating viral isolates other than NDV were isolated from 338 of these 
lots. Between 28,000 and 40,000 specimens were submitted each year 
from 1977 through 1988. Bemagghtinating viruses were isolated from 
almost 50% of the lots in 1973 through 1974, btrr only 18 to 26% of the lots 
from 1971 to  198L The number of vebgenic viscerotropic NDV positive 
lots was also higher from 1973 to  1975. Of the 413 1979 and $980 isolates 
saved for characterization, one subtype of influenza vhus, Hav? Nl ,  was 
identified from 8 specimen from 3 lots of 149 tested. The Isdates were 
from 5 parrots, 1 finch, f robin, and 1 mynah. 

Hemagglutinating viruses pathogenic for chickens and turkeys that 
were not NDV were isolated from 2 lots of imported birds. These path- 
ogenic isolates were from finches and mynah birds., The isolates caused 
death in chickens and turkeys inoculated and the virus was reisolated 
from the inoculated birds. Both of the lots were refused entry into the 
United States. The viruses were identified as Haw7 Neq2 and HavP Neq2. 
The isolates were not pathogenic for parakeets and conures. None of the 
other HA viral isolates were pathogenic for chickens or turkeys. Signifi- 
cant lesions were not observed in the cIinicalEy normal chickens and 
turkeys that were necr~psied between 1973 and 1915; therefore, neerop- 
sy of healthy chickens and turkeys was discontinued in 1975. 

Domestic Bids:  Six subtypes of influenza A virus have been isolated 
and identified at NVSL (Table 2). Several d these subtypes have been 
isolated from a number of different flocks. During the fW8 outbreak of in- 
fluenza A virus in Minnesota, Hav6 Nf was isolated from 72 turkey flocks 
and from one chicken flock which was in close proximity to infected 
turkeys. Subtypes Mav4 Neq2, Hav6 M2 and Hswl N l  were each isolated 
from 1 turkey flock during the same outbreak. The Hav4 Neq2 subtype 
was also isolated from chickens in Alabama in 1915. The Hswl NII influen- 
za virus was also isolated from turkeys in Minnesota in 1979, Mimesoh, 
Kansas and Iowa in 1980, and Colorado in 1981. The Hav4 N1 subtype was 
isolated from confinement-reared wild ducks at the same time duck virus 
enteritis virus was isolated. 

In addition to the isolations made at NVSL, 11 different subtypes were 
identified from isolates sent to NVSL for characterization between 
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November 1918 and February 1981. The different subtypes were from 
turkeys 9, ducks 5 and geese 1. The following hernagglutinin and 
areuraminidacse antigens have been identified either in isolates made at 
NVSL or isolates characterized at NVSL: Hswl, Havl through 4, Hav6, 
Wav?, WavS, N1, N2, Neql, Neq2, Navl and NavZ. 
Of the influenza A viruses isolated at NVSL, none were pathogenic for 

chickens or turkeys when inoculated by the irrtranasal o;. CTAS route, 
The IVPI and ICPI were all less t h a ~  LO. Serotypes sent to NVSL fog typ- 
ing were not pathogenic when inoculated by the CTAS route. 

The Alabama chicken isolate was not pathogenic to chickens, turkeys, 
ducks, chuckcrs and pheasants. A totaI of 51 chickens were inceuhted. 
The age of the chickens was 6- to 12-weeks and 52 weeks. The CTAS, in- 
tranassll and intraodar routes of irtoculation were used. The irnoculums 
were AAF or original specimens with antibiotics OF the original 
specimens without antibiotics. The virus was reisolated and a 
seroconversiorr was detected in each group of inoculated birds. There 
were no significant lesions fcrrnd at necropsy- 

Serology: Negative serology has confirmed that influenza ,4 virus was 
not the problem in some flocks where no isolation could be made. 
  ow ever; positive serology has allowed verification of infection and 
usually identification of the subtype responsible fcr antibdg stimulation. 
Serology has allowed confirmation of infection when sa~iples were cob 
Iected too late to isolate virus. 

Almost every year influenza viruses have been isokted from dozestic 
turkeys with clinical disease. However, using the cornman p~thogenisci'ty 
testing methods, the disease could not be reproduced by InacuXatEon of 
suseegtible birds. The W A S  inoculation method that wes used at %tie 
MVSL has proved to be satisfactory in that it insured that the inoculurn 
was introduced into the respiratory system and almost no aerosol was 
produced. Examination of lesion patterns at neerqsy has confirmed that 
the inocuIum is introduced into the air sac. 

The Alabama chicken isolate was of particular interest because severe 
clirnical disease occurred in the source floek? fn spite of vanaus Inoczda- 
tion methods, incl~dir~g inoculation & the tissues from the infected 
chickens -2tEout antibiotics, no significant clinieaf disease or pst 
nortern lesions were produced in experimentally inoculated birds. 
In the last 2 years. 8 of the 12 bemagglutinin subtypes desenbed in the 

f 980 nomenciatare have been isolated from domestic: avian species. Qdy  
H2, H5, H8 and 812 have not been isolated. The number of igflnenza 
isolates from import birds irr the last 2 y a r s  Sras been surprisingly low, 
only 3%. A larger rate of infection was found betrveen 1373 and 2975. 
However, a large number of isdates from only a few lots were typed 
while isdates from many other lots were not. 
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The diagnostic methods described have identified pathogenic viruses 
in import birds. In domestic birds, both influenza virus and its antibody 
have been identified. The laboratory results from domestic birds have 
provided epidemiological information and the influenza A isolates front 
disease outbreaks have been used for vaccine production. However, more 
work is needed to develop laboratory methods to effectively characterize 
the pathogenicity of strains isolated. 
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Table 2. Pathogenicity testing of influenza v ira l  isolates made at NVSL from 
domestic birds. The k/~hicken/Scotland strain was included as a positive control. 

- 
Intravenous Int racerebral 

Prototy,:e Pathogenicity Index Pathogenicfty Index 
Sub type  - St rain Chickens Turkeys Chickens Turkeys u 

M 

Hav2 Neql A/~y/~~/24834/79 0.68 NT 0.35 0.43 
P 
0 
Z 
C=, 

Hav6 N1 ~ / ~ y / ~ ~ / 2 9 2 8 / 7 9  0.00 0.05 0,OO 0,04 U) 

- 

H S W ~  N1 A / ~ y / ~ S / 4 8 8 0 / 8 0  NT 0.00 0.06 0.00 0 M 

Hav6 N2 ~ / ~ y / ~ ~ / 3 5 7 5 / 7 9  NT O L O O  Om00 0.18 
n 

NT - Not Tested 
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DIAGNOSTIC PROCEDURES - RESPONSE 
W. M. Allan 

Central Veterinary Laboratory 
New Haw, Weybridge, United Kingdom 

Once avian influenza is suspected in a poultry flock, diagnosis is usually 
a straightforward procedure provided that specimens are received dur- 
ing the viraemic phase of the disease which in some eases may be of 
limited duration. 

Even in such cases a serological diagnosis cam be made provided that 
the diagnostic laboratory has a set of antigens. In other cases 
serodiagnosis can be based on the Agar Gel Preeipitin test of Beard and 
serum samples may be sent to a central kboratory for ful bemag- 
glutination inhibition (HI) testing and Neurarninidase inhibition testing 
(NI). Serodiagnosis however has the disadvantage that the presence of 
antibody to avian influenza may not on its own, indicate that a clinical 
episode was attributable to  the virus. For this reason virus isolation at- 
tempts should be made wherever possible. 

In the case of clinically evident disease, especially in turkeys in which 
there are respiratory symptoms, a drop in egg production, air sacaditis 
and in some cases sudden death, avian influenza should be eonsidered. 
Differential diagnosis includes pasteurellosis and Newcastle disease and 
this disease may be missed if the diagnostician isolates a pasteurella and 
fails to  go on to carry out virus isolation. 

Although the disease is rare in chickens, its symptoms are sufficiently 
close to that of Newcastle disease that virus isolation for the latter can be 
relied on to yield influenza virus. 

In ducks and some other species virus may be present in a compIetely 
asymptomatic form and isolation from such cases is usually the result of 
routine monitoring rather than a speeifie attempt to diagnose disease. 
This may also apply to wild birds and birds in transit or quarantine in the 
captive bird trade. 

In our laboratory, if a clinician reports that he suspects avian influenza 
we request the immediate submission of three or more fresh carcasses 
(where any possibility of notifiable disease exists). En other eases the  
clinician is asked to send specimens of trachea, spleen, intestine and/or 
cloaca1 swabs. We have found that it is important to have specimens early 
in the disease process and this necessitates early consultation with the 
Veterinarian and suspicion of a virus disease at the outset. 

Pooled organs from three or more carcasses are sent in sterile con- 
tainers without transport medium in such a way as to arrive within 24 
hours. Specimens are chilled had transported at c 4OC where possible 
and may be frozen in dry ice if transport is likely to be prolonged 



although we are not aware of any cases where failure to isoIate virus 
could be attributed to  delays in transit. 

For monitoring purposes sets of cotton wool swabs in groups of ten or 
twenty without transport medium are required. 

While there is usually sufficient documentation with the material for 
the virologist, to  make some judgement on the suitability of the 
specimens, in a few cases the clinician is telephoned and further materid 
may be requested; for example tissues taken from a house where CUE- 
septicaemia now yredominates will yield virus less often than an adjoia- 
ing house where the viral phase of the infection is just beginning. To form 
an epidemio!ogical picture of the case i t  is often useful to have blood 
samples from all houses on the site so that acute and convalescent titres 
may be compared. 

In  a busy virus laboratory, cross contamination is always a risk and to 
minimize this the serological and virus isolation work is carried out in dif- 
ferent laboratories. 

In the  virus laboratory, the  operator takes the package to a clean room 
in which no myxovirus work has been carried out since the benches were 
cleaned off and two sets of possible rnyxovirus material a r e  never han- 
dled by the  same person in the same laboratory on any one occasion. 
Where any doubt exists, the laboratory day book is consulted to  trace the 
movement of operators and specimens. For this to  be done effectively, a 
number of rooms have to be a vailable and ample sets of sterile glassware 
must be on hand. 

In the case of material horn psittacines all work is done in a Class 111 
safety cabinet to  avoid the risk of chlamydia1 infection. 

Approximately 5 grammes of pooled tissues of each organ are ground 
with sterile sand in a pestle and mortar with two to  three volumes of 
sterile antibiotic saline. The routine diluent contains 208 units of 
penicillin and 200 rnicrograrnmes of streptomycin per ml., but tetraey- 
cline or mycostatin may be added especially in the case of cloacal swabs. 

Tissuesisaline suspensions are  placed in universsl bottles and held at 
bench temperature for one hour. Cotton buds from the swabs are nipped 
off with bone forceps and pools of five are placed in universal bottles with 
antibiotic saline and also held for one hour. 

Centrifugatioi~ is avoided and the supernatant is injected into the allan- 
toic cavity of either 5 or 7 eggs of 9 to 11 days embryonation for each pool. 
In  exceptional cases more eggs may be used. The voiume injected is 0.1 
ml but equally good results have been obtained with 0.2 ml inocula. 

Eggs are incubated at 37OC and candied twice daily. While it is the nor- 
mal practice to discard eggs that die within 24 hours, in the case of acute 
disease these are also examined. Dead embryos are opened and a rapid 
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plate Haernagglutination (HA) test is carried out on the allantsic fluids 
and the condition of the embryo is noted 

Incubation is continued for seven days at the end of which period all 
embryos are chilled at + 4OC for one hour and the allantoic fluids tested for 
haemagglutinin. Where no haemagglutinin is seen, the fluids are pooled 
and a second set of eggs is inoculated with undiluted fluids and with 
fluids diluted to 10-g in antibiotic saline to prevent possible development 
of the von Magnus state. The fluids from any egg which dies during the 'T 
day period or which on chilling is found to show traces of HA activity are 
handled separately. 

With experience we have found that virus of high virulence can yield 
HA is 24 hours, miltier virus will yield HA in 48 hours and the avirulent 
strains mag take slightly longer. 

Where a diagnosis is urgently required, two eggs from each set are 
chilled for an hour and the fluids are examined. Eggs are opened in z 
negative pressure HEPA cabinet to prevent cross contamination and 
harvested. Separate egg inoculations are not carried out in the same 
room. 
The initial plate test on the fluids consists of mixing platinurn loophis 

of allantoic h i d  with equal volumes of a 10% suspension of washed red 
blood cells. This is followed by a preliminary Haernagglutination inhibi- 
tion (HI) test using micro plates and a 19'0 suspension of red blood cells. 
Traditionally all fluids with haernagglutinating activity were tested 
against SPF normal serum, Newcastle disease serum and Few1 Plague 
serum; due to the number of HA serotypes of influenza this praetice has 
been discontinued and the preliminary test is used to differentiate ortho 
and paramyxoviruses where possible. 

All fluids showing HA activity are tested for bacterial sterility and 
where contamination is found, the fluids are filtered and subinoculated, 

A guide to myxovirus differentiation has been found by examining the 
nature of the HA activity on the rapid plate test. Generally influenza 
viruses cause a rapid haemagglutination with the formation of large 
cll~rnps while Newcastle disease virus haemagglutination is slower and 
results in finer aggregates. Bacterially sterile Maemagglutinin which is 
not inhibited by Newcastle disease serum or other paramyxwirus sera is 
presumed to be influenza and the full range of HI tests and Iater the NI 
tests are carried out. 

f n most cases the HA titre is z7 or more, but with some recent isolates a 
titre of 2-or 2 5  has been all that has been available for serological idea- 
tifieation. If this titre cannot be raised, serotyping may be difficult. 

Serotyping is based mainly on monospecific antibody produced from in- 
fected chickens kept in isolators using the type strain for each group 
wherever possible. The sera has a known titre to its horndogous virus 
and an HI titre to within 1 well of the homologous virus titre is con- 



sidered diagnostic. The beta procedure based on serum dilution is mainly 
used, but in  some instances the virus dilution (alpha) test may also be 
employed. 

The HA procedures used a re  detailed in Poultry Biologics and the RI 
titres a re  obtained by carrying out two-fold dilutions using the same 
system, 

Neuraminidase Inbition tests a re  carried out using fetuin as a sub- 
strate according t o  the methods defined in "Advanced laboratory tech- 
niques for influenza diagnosis 1975." To economize a spot test using 0.1 ml 
of infected allantoic fluid and 0.1 rnl of each neuraminidase serotype are 
reacted and mixed with 0.05 rnl of fetuin in 0.25 ml and reacted overnight. 
The full test is then carried out gsing a range of virus and serum dilu- 
tions. The N acetyl neuraminic acid is assayed by the thiobar- 
bituricibutanol method at  549 nms. 

Simultaneously with the serotyping, pathotype characterization is car- 
ried out. We have not found the Zntracerebral pathologic Index (ICPI) of 
Poultry Biologics to be of value in this work and all pathogenicity testing 
of influenza virus is done by the Intravenous Pathogenicity f ndex (IVPL) 
by the injection of 0.1 ml of fresh infected allantoic fluid to each of ten 6 
week old SPF chickens. These are observed daily for ten days and the 
results a re  calculated according to the method of Poultry Biologics. This 
test gives a maximum score of 3.0 (when all birds die within 24 hours) and 
avirulent viruses yield a zero score. 

The Classical Fowl Plague serotypes give scores of 3.0 or greater than 
2.5 as do t h e  two most virulent Hav5 serotypes and other isolates have 
yielded a lower spectrum of activity- 

At  the lower end of the scale, it is often noted Chat only one or two 
birds die with the remaining birds appearing healthy throughout and 
hence the  reproducability of lower values may not be high. In the case of 
an emergency it has been pss ib le  to inject two adult fowls and obtain a 
good guide to the  level of lethality. 

Serology 

Because of the  number of HA types it is not practicable to test all sera 
by t h e  full HI test except in special eases. For this reason the  Agar Gel 
Precipitin test of Beard (AGR is used for screening purposes (unless a 
k n c m  serotype is being traced). Where precipitln lines are seen which 
match with the positive control the sera are tested against a 1  HA types 
by the micromethod. Usually a selection of the samples are screened and 
the whole batch is tested once the HA type has been identified. This pre  
cedure seems to work we1  with turkey sera but the AGE' test has failed 
to be of value with duck sera. 

Infected turkey  flocks may show mean HI titres of more than 25 or in 
the case of milder disease the mearr values may be as Iow as 25. In our ex- 
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perience these titres have remained for several months although no fur- 
ther virus isolations have been made. 

Electron miGroscop y 
Most haernagglutinating viruses are  examined in the electron 

microscope by PTA staining, where size morphology and the dimensions 
of the helical RNP allow rapid differentiation between para- and o r t b  
myxoviruses. In a rare case this method of examination has revealed the 
presence of both types of virus in one sample. 

SUMMARY 
Our diagnosis of avian influenza can be divided into two parts, the in- 

vestigation of suspect disease (generally in turkeys) and the firrding of in- 
fluenza virus or antibody to influenza virus in the course of routine 
monitoring of sera sent in for other purposes or from swabs delivered as 
a routine. 

Virus isolation from cloacal swabs taken from captive birds that have 
died and have been stored for up to 3 weeks at - 1S0C regularly yielded 
avian influenza virus from a significant proportion of batches examined, 
Similarly cloacal swabs taken from ducks and other aquatic birds have 
yielded virus where no disease has been suspected. 

In the diagnosis of influenza in turkeys, the first clue has sometimes 
been the detection of an AGP reaction in sera sent in for other purposes 
after which it  has been possible to make a virus isolation- 

Where clinical disease has been promptly investigated, virus isolation 
has seidorn proved to be a problem. In a few cases where disease has been 
investigated at  a late stage in the process serological evidence of infec- 
tion has been positive but virus isolation attempts have failed. 



II1CgMUN%ZATION APPROACHES TO AVIAN INFLUENZA 
Charles W. Beard 

Southeast Poultry Research Lt+borartory 
U SDA-SEA-AR 
Athens, Georgia 

The poultry industry uses many approaches to reduce or prevent 
losses from disease. 

Where practical, they eradicate the disease as with pullorurn. When 
they must co-exist with the disease, they use drugs when economicalIy 
feasible, to prevent losses as with coccidiosis. Rigid flock isolation 
practices are used by some to  reduce losses by preventing exposure of 
flocks to the causative agents of disease. 

The industry has, however, relied most heavily upon vaccines to  
prevent or reduce Iosses from disease. The vaccines have been viruses 
isdated from other species and used in the hatchery as with Marek's 
disease in chickens. Immunization has been the timely administration of 
virulent virus to prevent vertically transmitted virus and resulting 
disease in chicks as  with avian encephalomyelitis, Vaccines have also 
been naturally occurring viruses of low virulence that share common 
antigens with their virulent cousins as with the BX and LaSota strains 
and Newcastle disease. 

Rather than rely on the other means of disease control and prevention, 
vaccine use by poultry producers is continuing to expand to include 0 t h  
diseases, Viral arthritis and infectious bursa1 disease vaccine in breeders 
used to pass on parental antibodies to broilers and new strains of in- 
feetious bronchitis in broilers have joined the long list of effective poultry 
vaccines. A new vaccine to control the egg drop syndrome has gained 
wide acceptance in Europe. The poultry industry has grown to rely upon 
vaccines to solve many of their disease problems. It is because of this 
very positive experience with vaccines that the poultry industry will 
again !ook for, and expect, help from vaccines if avian influenza continues 
to mature into another major disease that causes them serious economic 
loss. 
The poultry industry differs from some of the other livestock in- 

dustries which make vaccination an attractive approach to reducing 
disease losses. For instance, the poultry industry is generally confined to 
certain areas of high population density. In the U. S. we have the heavily 
populated broiler areas of Delmarva, Arkansas, Georgia, Alabama - the 
turkey areas of Minnesota, California, North Carolina, Arkansas - the 
layers of California, Georgia, Florida, Pennsylvania. The cIwe proximity 
that results from such concentrations of population can make effective 
flock isolation practices more difficult and vaccine an attractive alter- 
native. 

Intensive husbandry practices with large numbers of individuals on a 
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single premise and in a single building make vaccines a reasonable ap- 
proach to economically protecting many thousands and even millions of 
birds on a single farm. Should flock security measures fail and a disease 
agent gain entry to a large flock without the benefit of vaccineinduced 
immunity, they could be completely susceptible with severe disease and 
financial losses. 
The integrated nature of the industry with large, well organized 

companies in charge of all steps of production from feed mixing to 
slaughter make it a challenge to provide reliable flock-tcflock disease 
separation because of heavy supervisory personnel traffic and shared 
equipment, 

Flock isolation with turkeys can present unique challenges because of 
open ranges and the requirement of artificial insemination of breeder 
hens, 

In summary, I believe we can expect the industry to consider the use of 
vaccines to help solve any existing or potential problems with avian 
influenza (A11 as they have for other diseases. 

Although there has been a limited effort toward accumulating in- 
formation on vaccines for avian influenza, results have been both en- 
couraging and discouraging, as the magnitude of the  problem becomes 
more evident. 

Experimental avian influenza vaccines have been both viable a ~ d  
inactivated. All of these findings are publiskod so I won't review them in 
any detail today. TurkeylBrel71 was an aviruient isolate that had the 
same hemagglutinin (HA) as the ciassical fowl plague. Prior infection with 
the avirulent virus was demonstrated to protect, experimentally, 
chickens and turkeys against disease and death from fowl plague virus. 

The inactivated influenza vaccines have been prepared as water in oil 
emulsions with one, and up to' 4, HA antigens in a single product. They 
were successfully used in both chickens and turkeys, resulting in 
measurable serologic responses and disease resistance when challenged 
with virulent viruses possessing the same or similar HA. Inactivated 
products have been used in t h e  field in several states as an experimental 
vaccine with good reports. 

There are some problems associakd with relying on A1 vaccines 
however, be they viable or inactivateit 

I. With as many as ten or twelve known possibilities, it will be difficult 
if not impossible, to successfuHy predict the particuIar HA antigen 
needed to protect flocks against influenza losses. There have been 
si*,uations where the  same, or a similar MA occurs in an area fur several 
consecutive years. There have been other situations, however, suck as in 
the serious Minnesota turkey outbreak in 3918-79, when 4 or 5 viruses of 
different HA makeup were isolated in a single winter. The prediction of 
needed antigen type in a vaccine will be difficult; as a direct result of 
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having to deal with so many antigen possibilities - a conwpt that may be 
difficult f o r  the poultry industry to readily accept for it is a drastic 
departur~ from the usual and mere f v d i a r  antigenic sameness, but 
pathogenic dissimilarity among the Newcastle disease viruses. 

2. Widespread vaccination ean seriously hamper needed epidemiologic 
studies that rely upon serology to  define the extent and antigenic nature 
of A1 in poultry. Serologic studies will be more difficult to interpret 
unless careful ahention is given to vaccination histories. 

3. Immunity resulting from A1 vaccines can be very difficult. to 
measure. There are some highly virulent A1 strains possessing a par- 
ticular hernagglutinin that are suitable to serve as reliable challenge 
viruses. In these instances, vaccine evaluation can be accomplished in a 
conventional manner not unlike that for Newcastle disease. There are 
other cases where these highly virulent representatives of a vaccine 
hemagglutinin are not available- therefore, vaccine evaluation k o m e s  
more difficult and perhaps more subjective. Without a goad challenge 
virus that can be readily expected to produce quantifiable disease, or 
death in non-vaccinates, how do you measure immunity resulting from 
vaccination? Should w e  use serologic response in vacdnates, or the 
amount of antigen contained in a vaccine, ar a combination of the two? 
Regardless of the type of vaccine prepared (viabIe or inactivated), there 
may be serious problems in demonstrating potency or efficacy ehanre- 
teristics acceptable to those who are responsible for regulating the 
products. 

The final problem associated with both viable and inactivated vaccines 
concerns the localized and sporadic nature of the disease. This may 
continue 50 result in a relatively low demand for a vaccine, reducing the 
likelihood that commercial vaccine producers will invest in adequate 
research and development, and in the costs of meeting licensing require- 
ments. 

There are some problems that are zlniqzle to viable vacci?zes and of no 
concern with inactivated vaccines: 

1. Until we have a thorough understandiarg of virulence with A1 
viruses, it may be considered too risky t o  use viruses as fieM vaccines 
because they have been demonstrated to  be aviz&xzt iz the bboratory. 

As you know, a classical problem fias been experienced when A1 
isolates from flocks wit)! serious death losses if the fieEd have been taken 
into the laboratory. More often than not, a disease as occurred in the field 
is not produced in the controlled iaboratory challenge trials. Many of the 
viruses from lethal outbreaks such as in Alabama and Minnesofa chickens 
appear relatively inroeuous in the laboratory. The use of viable vaccines 
must be approached with great care until we know why there are such 
differences between field and laboratory experiences with the viruses. 
Also, the possible role of ~iable vaccines in the development of harmful 
field recontaminants carnot be ignored. 
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2. Viable vaccines may serve to seed areas, complicating results from 
diagnostic laboratory virus isolations in subsequent years. Serology 
could be positive not because of an A1 virus moving into the area, but 
because of infections with recirculating viable vaccine. 

3. There may be difficulty in finding an avirtdent member of each of 
the 10 or 12 hemagglutinins that can serve as a satisfactory vaccine 
strain. 

Althorgh there are many potential problems, there are, howevel: 
some great advantages that c o d d  be offered by  the ase ofviabk vaccEnes 
which would make them acceptable to the idustry. 

1. The mass administration of vaccines in drinking water or by 
aerosols makes the viable vaccines particularly attractive to poultry 
husbandry situations where 10,080 to 90,000 birds may be in a single 
house. Labor costs and flock disruption losses associated with in- 
dividually administered vaccines make n a s s  admioistration techniques 
much more acceptable to the poultry industry. 

2, Viable vaccines are more economical to make in that the actual 
immunizing antigen is produced by each host and not by the vaccine 
manufacturer. Because of the relative low cost of production, perhaps 
iyophilized products representing the different HA antigens could be 
stockpiled for up to several years awaiting possible use. If certain lots 
were not needed, there would be no great economic loss as outdated lots 
of vaccine are discarded and new lots prepared to replace them. 

3. Viable vaccines are generally beIieved to  provide more rapid 
protection than irractivated vaccines. If A1 vaccines could be =ass ad- 
ministered by spray, a flock might be expected to; have some resistance ta 
infection with a field strain of the szme HA in only a few days- By con- 
trast, with inactivated vaccines it would take 2 ar more weeks for flocks 
to develop significant resistance. 

There are other disadvantages to inactivated uaccz'ne - 
1. By their very nature of having to contain relatively large amounts of 

antigen, they are more expensive to produce. 
2. They must be individ.aally administered and may require 2 doses to 

result in adequate irnmuni cy, especially in turkeys. 

3. The requirement for individual administration of vaccine will praba.. 
bly result in the necessity for vaccination crews that travel farm to- farm, 
The disease spreading potential associated with such movements af per- 
sonnel and equipment are well known to all af us, 

First - They are safe - with proper inactivation during manrrfacture, 
they will not resnlt in a disease problem. Their use will not be hampered 
by lack d underskanding of the virulence mechanisms of AX as with viable 
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vaccines once a means for product gotentcy testing has been devised and 
fouad acceptable ta the regdatory agencies. 

Secmd - large quantities of intctivated egg fluids cou!d be frozen 
back until such time that outbreaks indicate that a virus with a 
specific HA is causing a problem. The frozsn product, previously safety 
tested, could be converted into a finished ail emslsion produet overnite 
and vaccination impiemented. Such frozen antigens might be stcrbk for 
many years. Such a possibility would depend primarily m t be avaiiabiiity 
of vaccine indnstcy expertise, and the econumic incentive to pursae such 
a program. Reguht.ory aeceptznce of such an approach should not 
present unsurmountable problems. 
In summary - there are advantages and disadvantages to the possibl~ 

use of both viable and inactivated uacciner. 

Yet, it is highly probable that as the problem of AI becomes more 
-videspread and more rcatly to the turkey industry, they wilt seek ways 
of reducing sr preventing these disease losses. 

They will do i tby improving their flock security and thereby reducing 
the chances of introduction of the disease through the artiheiaf in- 
semination crews or from growing turkeys on open ranges. 

As a second line of defense against possible severe losses, they will 
probably want vaccination, particuiady for their breeders sime egg 
production is a marginal situation for turkeys, at best. The reduction cf 
egg production due to  even a comparativeIy mild strain of A1 which 
causes no mortditp can be an expensive disease. Depending an Iosses 
from death, decreased feed efficiency and increased condemnations at 
slaughter, they may consider influenza vaccination for their meat birds a s  
well. 

It is doubthl that any vacdnes will be capable of presenting a 
significant rate sf infection after field exposure to AI- We don't ac- 
complish that with the other ~espiratory viruses, so we pmbably shouId 
not expect it with AX* Mapefdlg vaccines will prove to Be effective in 
reducing lasses from the diseane even though infeetion does occur, 

As you will hear from Dr. Price, there is increasing interest in vaccines 
from the turkey industry. Hopefully. those of us in the commercial, 
university, and go~ernrnent arenas who dedicate our professional Iives to 
reducing losses in pottitry will be able to meet the ehaI1engqs associated 
with their needs. 

If by chance AI becomes a problem in ehickens as rapidly as it Bas for 
turkeys during the past 18 years, inadequate information on uaecirration 
for the control of Iosses from AI may prove to be evea more costly than 
imaginable. 

With the ubiquitous nature of A1 viruses in free-flying a.iian species, ;.', 
may be that v&xinatian, although plagued with the shortco~.ings and 
imperfections f have reviewed here today, may be the most feasible tool 
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that we will be able to offer the poultry industry to soften the sting of 
influenza. Classically used methods of disease control at the borders of 
ter~itories and countries fail to stop the free-flying species and therefore 
will fail to prevent the entry of unknown numbers and subtypes of AI 
viruses. 

We may need to  rethink our plans and adjust them to a unique 
problem of a virus being shared by both domesf;ic;tted and freeflying 
avian species. Perhaps conferences of this nature, drawing on the 
knowledge and experience of scientists the world-over wiH help us 
resolve what is fast developing into a worldwide problem. The possible 
extent of the losses in poultry in future years is beyond the realm of any 
defensible prediction. There would, however, be little disagreement 
among the attendees at this Symposium on the capability of A1 to 
someday impose severe losses to the world's poultry. 



W. J. Priee 
!Biologics Licensing and Stzndards 

U. S. Animal and Plant Health Inspection Service 
G. S. D. A., Hyattsville, Mad 20782 

An investigation following a 1908 wtbreak of foot-andmouth disease 
attributed to imported dontaminated seed virus for smallpox vaccine 
revealed that many veterinary biological products on the market at that 
time were worthless, contaminated, dangerous, or harmful. 

This led to enactment of the Virus-Serum-Toxin Act of 1913 which em- 
powered the Secretary of Agriculture to regulate the importation and in- 
terstate distribution of veterinary biological prducts. 

Regulations designed to insure that all sneh produets are pure, safe. po- 
tent, and efficacious are published in the Code of Federal Regulations, Ti- 
tle 9, Animals and Anima! Products, Parts 101 through ll?. 

RegIdatory authority has been delegated to the Deputy Administrator. 
Veterinary Services, Animal and Plant Health Inspection Service. Day- 
tedsp  operation of the biologies program h carried out by Regional 
Biologies Specialists located in Seotia, New York. and Englewood, Col- 
orado, by National Veterinary Services Laboratories. in Ames, Iowa, and 
by Veterinary Biologies Staff in Hyattsville. Margland. 

RoutineIy, manufacturers apply for lieensure providing proof that they 
have facilities, personnel, and expertise needed to  consistently prepare 
products which will perform as claimed on the labeling and in advertising 
when administered as recommended. 

Low economic returns have made manufacturers reluctant to make 
substantial expenditures sometimes needed to develop certain products. 
This has been true for products for use in less numerous or minor species 
and especially for complex products, such as Avian Influenza Vaccine. 
This has also been of great concern to those livestock owners who suffer 
losses due to diseases known to be contrdable if pharmaceutical or 
biological produets were made available to them. 

Iri order to  assist in reducing losses due to an outbrezk of influenza in 
Minnesota turkeys in October 1978, a plan was devised which involved 
two sections of the regdations. The first seeti03 involved was 9 CFR Part 
103.3 generally used for field safety trials with new products but which 
may also be used to permit and encourage important research projects by 
authorizing interstate shipment of unlicensed experimental bioIogieal 
products. The second section invoked was 9 CFR Part 1033kI) and here 
an exemption was granted by the Deputy Administrator to allow the 
product to be sold rather than the usual requirement that experimental 
products be distributed at no cost to the recipient. 



This plan made itfeasibk for Maine Biological Laboratories under the 
direction of Dr. Kennetk Eskelund to prepare and ship vaccine that would 
not have been available on short notice if normal licensing procedures 
had been followed. Dr. Virginia Hinshaw of St. Juded Children's 
Hospital, Memphis. Tennessee, contributed to this early effort by prepar- 
ing recombinant viruses which resulted in improving the quality of the 
vaccines made with MAV4 and R A W  strains isolated from Minnesota. 

In order to reach the goal of having pure, safe, potent, and effective 
licensed vaccine available in the future, each request for vaccine was 
authorized with the provision that an industry organization or govern- 
mental agency designated by the State Veterinarian would be responsi- 
ble for receipt, inventory, and distribution of the product. These 
orgmizaiisns were also obliged to obtain information on results of the 
use of the vaccine, especially regarding safety and effectiveness. Out- 
breaks in Texas, Wisconsin, Iowa, Missouri, Kansas, Ohio, and GoIorado 
as well as additional subtypes isolated in Minnesota were handled in the 
same manner. Reports received thus far have been disappointing because 
they have been incomplete. We have refined the plan for gathering infor- 
mation and have attempted to ernp5asize the med for improved data. 
Hopefully, this will result in more useful information in the future, 

Most problems encountered in developing standards for lieensure of 
Avian Influenza Vaccine are the result of numeroirs irnmunologicaI?y 
distinct subtypes occurring in the host popuIations. Some of the isolates 
prove to be g o d  candidates for vaccine production, others may be im- 
proved by recombination, while others may resist all efforts to achieve 
satisfactory immunizing characteristics- We have indicated our will- 
ingness to accept serological response at levels which would be likely to 
demonstrate protection as a serial potency test. It is very unlikely that 
ail subtypes will be capable of producing a statistically aeeeptable 
response using current methods. We are hopeful that work underway by 
h. John Newman may give us a better measure of vaccine response. 

National Veterinary Services Laboratories has assumed the respon- 
sibility for maintaining a supply of virus strains which will be available 
for use in vaccine production by qualified manufacturers. Seventeen 
isolates are in storage at the present time. W e  expect that current pre 
cedures will continue to be ioifowed for the immediate future and for 
handling outbreaks attributed to new subtypes. 

Licensed manufacturers will undoubtedly find it diffireult and expen- 
sive Es maintain an inventory of ail the completely tested vaccines which 
might be needed. We will attempt to develop systems which wilt1 aIEm 
reduction in the time needed to produce, test, and release vaccine to the 
absolute minimum consistent with acceptable quality. 



AVIAN INFLUENZA: APPROACHES IN THE CONTROL OF DISEASE 
WITH INACTIVATED VACCINES IN 01[E EMULSION 

A. Zanella, G. Poli and M. Bignarni 
Institute of Microbiology and Immunology 

University of Milano 
Research Laboratories "Eurobio*' 

Brescis (Italy) 
As years go by Avian Influenza (A11 is more and more recognized as a 

disease of considerable economir importance particularly in countries 
with intensive poultry industries, even if the values of Losses are not easi- 
ly definable. In any case, if AI is considered a bip problem for avian 
pathologists, the ecological significance of the increasing spread of infec 
tion in the birds is not to be undervaluated. 

The infection and its negative effects have  bee^ occurring for some 
time in Italy, primarily in turkeys, where, however, it appears lnwtiy 
associated with other involvements, particularly E-coli and Pzrsteurek 
infection; consequently a more or less marked decrease of the breeding 
performances can be observed. Many isolations d A N  have been done in 
our country from turkeys; some of the isolates have also been ehatacteriz- 
ed antigenically as Hav2N2. Hav5N2, Hav6N2 serotypes, with prevalence 
of this last serotype (Fraaciosi et al., 1981 in press). 

Attempts to immunize birds against A1 have been done by some 
workers, using monovalent or polyvalent inactivated vaeeines, 
sometimes with apparently good results (Allan et al,  1971; Bankowski & 
Mecapes. 1974; Craves. 1975; Gough et d.. 1975: Bahl et ah. 1917: Brugh 
et al., 1979). At the present time, however, no vaccines are eomrnercially 
available in the world, probably because of the wide antigenic variabf lity 
of the viruses. 

The great importance of turkey's breeding in our country, the high eon- 
centration of them in some restricted areas of the northeast (over 25 
million per year) and the frequent isolations of AIV as well as Yucaipa 
virus (Franciosi, 1979; Zanella, f 979 pers. obs.): from cases d respiratory 
syndrome in turkeys. lead us to undertake research in the control of 
disease by vaceinatior.. above all on the grounds of our long and wide ex- 
perience and excellent results obtained in the fieid with inactivated vac- 
cines in oil emulsion against Newcastle disease, Egg drop syndrome 
(EDS'76). Mectious bronchitis and other viral and bacterial diseases 
(Zanella et al., 1966 a,b, 1969a,b, 1978, i980,198I). 

The purpose of this study b to report some results of vaccination of 
chickem and turkeys with monovalent and polyvalent killed vaccines 
prepared with the three prevalent serctypes of AIV in our country, in 
combination with NDV. These laboratory tests induced us to use such a 
vaccine in field, limited for the moment to turkeys, with exceiIent resufts, 
even if not easily evaluated. 



APPROACHES IN CONTROL OF DISEASE 181 

MATERIALS AND METHODS 

a1 AIV strains, serotypes Hav2N2, Hav5N2, and HavQiN2, isolated in 
these last five years, in northeastern Italy, (Franeiosi et al., 19811, kindly - supplied by Dr. Franciosi; b) NDV highly immunogenic strains fLCBS 15, 
65 and 429) maintained at the "Eurobio" Laboratories. Brescia (Italy). 

The viruses have been propagated in the allantoie cavity af Il-tEay-old 
embry~nated eggs, that were incubated at 3T°C for 48 hours and then 
chilled at 4OC. The viruses (amnidlantoic fluids) were inactivated with 
0.3% -propidaetone for 2 hours at 37°C; the absence of residua1 infec- 
tivity was confirmed by two subsequent passages in ernbryonated eggs. 
Viral concentration of AIV and NEV strains, estimated by standard 
methods, has been constantly 1P5EID~rnt of Euid, with barernorrgghli- 
nathg (HA) titres 1: 640-1280. 

Vaccine p~epara tiun 

300h of AIV + NDV were mixed witb 10943 of Freud's ineumpkte ad- 
juvant and treated to obtain an emulsion with optimal viscosity and 
stability. 
Vaccination 

Groups of 3-week-old chickens or turkeys were inoculated in- 
tramuscularly or subcutaneously with 0.5 ml of different batches of vat- 
cine and revaccinated after 3-4 weeks. The ehiekens were of SPF origirr; 
the turkeys were commercia: stock obtained from local hatcheries, 
Challenge 

Vaccinated and control birds have been challenged at different times 
after the second vaccination, by eyedrop instilation of W' EDso, of AZV 
Hav6NZ and observed for 14 days, 

ConEd ~f immunogenic condition 
The response was determined by the hemagglutination-inhibiting (HI) 

test on individual serum samples, collected after the first aled second v a t  
cination, against the 3 serotypes of AEV, by the clinicat conditions and by 
reisolation of the virus from the trachea after cshaIEenge, EI tests were 
done by standard methods, using 4 hemagglutinating units (HAU) of 
homoiogous and heterolcgous AIV antigen or 10 HAU of NDV antigen 
and using 0.5% of chicken red blood cells as the indicator system, The 
titres of sera have been recorded on lug, scale. , 
RESULTS AND CONSIDERATIONS 

The results of this study are reported in tables I, 2,3 and in fig, I. Even 
if the degree of protection induced by a single dose of igactivated vaccine 
in oil emulsion has not been tested by challenge, we belielie that the HI 
antibody levels are quite low, particularly in turkeys; &so in comparison 
with the levels of antibody against NDV, in spite the same viral coneen- 
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trations were used (fig. 1). After a second vaccination the serologial 
response, in terms of H i  antibody, appears to reach rather good levels 
(table 1) and the degree of protection against the same serotype to  be 
rather significant (table 2). The potency tests [in l a m s  of HI antibody) of 
various batches of vaccine, done only in chickens, confirmed the apparent 
good immunity response (table 3). The experimental trials here reported 
have shown that a very low or no cross-protection was induced, at bast in 
terms of reisolation of the virus after challenge, even with two doses of 
monovalent vaccines. These results confirm the more importance of 
hemagglutinin thsn of the neuraminidase antigen in the immunization. In 
attempts to maintain control over the disease it seems to be very impor- 
tant: a) the availability of polyvalent vaccines; b) the verification of H and 
.N antigen of the strains involved at times, especially in eases of breaks of 
immunity and c) the monitoring tests of the antibody spectrum in big in- 
tegrated farms or in areas with a high concentration of birds. In fact, just 
last year we introduced in the polyvalent vaccine the serotype Hav5N2, 
never isolated in our country up to that time. Even if the viral concentra- 
tion is a major determinant of immunogenieity of AIV vaccines f8fough 
et  al., 1979) as well as of other vaccines (Zanella et al., I966b, l969a), the 
screening of several AZV isolates with common H or N antigens would ap- 
pear rather important in order to select the most immunogenic strains 
for the preparation of vaccine. In our research the Hav5N2 induced levels 
of HI antibody higher than the other two strains used in the vaccine. 

SUMMARY 
Results of vaccination of chickens and turkeys by mone or poIyvaIent 

inactivated vaccines prepared with Hav2N2, Zav5N2 and Wau6N2 
serotypes of Avian Influenza virus in combination with Newcastle 
Disease virus are reported. 
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INTERNATIONAL RESPONSIBILITY FOR 
CONTROL OF AVIAN INFLUENZA 

J. E. Lancaste~ 
Toronto Road, Port Hope, Ontario, Canada 

INTRODUCTION 
The control of avian influenza depends on a clear definition of the 

disease, the identification of the causal virus and procedures for interna- 
tional reporting. 

The virulent nature of classical fowl plague is associated with rapid 
death and high mortality. As a result, many countries now designate fowl 
plague as a notifiable disease and subject to national disease eontrot 
measures. 

In 1955, Schafer demonstrated that fowl plague virus had the  
characteristics of type A influenza virus. However, despite the identifica- 
tion of the causal virus, the disease continues to be known as fowl. plague. 

There are at least two international agencies whieh receive and report 7 
information on outbreaks of fowl plague. The Animal Health Yearbook is 
published annually by the combined international agencies of FAO-WHO- 
OIE- The World Reporting Service on the Evolu5on of Epiemtics is 
published regukrly by the Office International des Epizoot,iees, Paris. 
However, for both these publications, it is the responsibirkty d indiviaual 
countries to establish the  criteria used to define fowl plague. Another 
journal which commenced pubtication in mid 1980, is entitled Animal 
Disease Occurrence, and is published by the Commonweafth Agriculture 
Bureaux. 

NATIONAL AND INTERNATIONAL RESPONSIBILITIES 
National responsibilities for the ecztrel of avian influenza have varied 

greatly. Thus, in recent years, both Australia and Great Britain con- 
sidered it a responsibility to eradicate outbreaks of fowl plague occurring 
in their countries. 

In &her countries, stamping out measures have not been adopted by 
the national government. Thns, in the Soviet Union, an inactivated vac- 
cine has been used to control a number of serious outbreaks CButterfield, 
I976aI. In the epidemic of iafiuenza in turkeys during 197879 in Min- 
nesota. USA, a Declaration of Emergency was not made, although the 
loss to the turkey industry in Minnesota during that time was approx- 
imately $5. million Babl et  at 1919). 

Similarly, in Canada, the influenza outbreak in turkeys reported by 
Lang et a& (1968) was not considered fowl plague. As a result, no eradica- 
tion measure was undertaken by the Canadian National Veterinary Ser- 
vices. 

T'lese are examples of widely differing views on the significance of out- 
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breaks of avian influenza and the actions taken. It is also clear that  many 
countries do not classify all avian influenza A outbreaks as fowl plague 
under their national veterinary legislation. As a result, the question 
"when is fowl plague, fowl plague" has been asked by national animal 
disease control agencies. This question is of special interest to the 40 or 
more countries in which fowl plague is a named and reportable disease. 

DEFINITION 
It is well known that  there is a wide variation in the host response 

(Narayan e t  ak 1969). Only a small number sf strains or isolates of the 
virus result in classical fowl plague in poultry (Ogawa et a& 1980). The ma- 
jority of isolates cause very diverse clinical disease (Lang et a& 1972)- 
Thus, strains of influenza virus, antigenically related to dassical fowl 
plague tHavl), have been isolated from clinically normal free flying wild 
waterfowl (Enshaw e t a& 1978; Slemons e t  a& 1974); a parrot (McFerran, 
19741 and turkeys (Beard and Easterday, 1973). It must also be noted that 
there exist avian influenza A subtypes antigenically related to subtypes 
of human, swinG and equine origin (Schild e t at 19801. 

A dear definition of classical fowl plague presents difficulties (PJarayan 
et a& 19691, and therefore, it has been suggeste4 that fowl plague s h M  
not be given special regulatory significance (McFerran, 19743. The 
presence of fowl plague antigen may or may not be associated with 
virulence (McFersan, 1974). Conversely, viruses cther than elassieal fowl 
plague viruses produce high morbidity and morhii~:' (Butterfield, 1976b3- 
Thus Reard and Easterday (1973) considered tlz~-* ~ : c d e r , s  may be the 
only reasonable criterion of the seriousness of an avian influenza isolate. 
Butterfield (1916b1, also regarded pathogenicity as an Important 
criterion. However, Alexander ef a& 1978 concluded that  the assessment 
of the seriousness of an influenza isolate on the bask of pathogenicity in- 
dices may require very careful interpretation. Perhaps organ tropism 
may also play a role in the pathogenicity of influenza viruses (Scholtissek 
e t al, 1977). 

Nevertheless, it is proposed tha t  the following scheme be examined 
and modified if necessary. This scheme is based on the publications of 
Allan e t aE, 1977; Alexander e t a1 1979; Bgawa et at 1980, and personal 
communications from G. A. Cullen, Great Britain, 
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Table 1 
Virulence indices of avian influenza viruses in chickens' 

VIRUS 
SUB- 
TYPE 

'Data selected from Allan e t al, 197'7; Alexander e t al, 1979 and Ogawa et crl, 198Q. 
tlIntravenous pathogenicity index. 
Intracerebra] pathogenicity index. 

Two suggestions are made, namely:- 
First 

The classification of all seratypes of avian influenza A virus isolated 
from poultry and birds, into three major groups, namely velogenic. 
mesogenic and lentogenic types. This classification would be based on 
field mortality and laboratory pathogenicity in chickens. The indices 
would be calculated as in Newcastle disease virus studies fHanson, 19Tk 
Allan e t a4 1978). 

In making this suggestion, it is recognized that some years ago9 the 
terms "malignant" and "benign" were suggested. Recently, Ogawa e t a& 
(1980) have suggested the terms "high virulent"; "low virulent" and 
"avirulent" strains. I suggest that these terms "high" and "low" may pre- 
sent some difficulty in transfation and interpretation when used in inter- 
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national classification. The ~Iassificatisn now k i n g  proposed is based on 
both the intracerebral pathogenicitjr index and the intravenous 
pathogenicity index (Allan e t a& 1917). 

It is suggested that the term fowl plague be replaced by the term 
"Velogenie Avian Influenza." To use the term "Avian Xnfluenza'' 
(Narayan e t  al 1969) is not considered sufficiently definitive. As stated 
the term "Velogenie Avian Influenza" would be based on both the in- 
tracerebra1 and intravenous pathogenicity indices using chickens as the 
test animal. 

It is recognized that further studies on the means of defining fowl 
plague are needed. There is also a need for National Veterinary Services 
to examine this proposed classification of avian influenza, viruses and the 
proposed definition of fowl plague. Eventually, an international coneen- 
sus of opinion nay be reached on suitable and acceptable definitions. 

DIAGNOSIS 
Having suggested definitions for the classification of avian influenza 

and fowl plague, it is necessary to consider diagnostic procedures and 
facilities. (personal communications from G. MeuEemans and J. 
Moulthrop). Influenza virus reference laboratories have been established 
td characterize isolates of tho virus, usually on the basis of serol~gid 
tests. In  respect of these tests, three situations arise:- 

The first is the risk of transmission of other viral agents in the avian 
material sent to a reference centre, 

The second is the risk of escape of virulent fowl plague virus from a 
laboratory. An accident of this kind has caused an extensive epidemic 
among domestic poultry (Dardiri, 19755. 

The third situation associated with t h e  characterization of avian in- 
fluenza virus, is the proposal that  pathogenicity tests be conducted on 
live chickens. 

It follows, that if international control of avian influenza is to be 
developed, then countries have a responsibility to examine and recorn- 
mend minimum laboratory requirements. These minimum requirements 
might relate only to the isolation of avian influenza virus. A further 
development could include laboratory procedures to identify the virus as 
influenza A. 0 t her laboratories may have or develop facilities to subtype 
the isolate using the 10 or more different haemagglutinin antigens and a 
similar number of nuraminidase antigens- Avian influenza A virus 
diagnostic kits have been produced by the Food and Agriculture 

, Organization (Butterfield, 1976b). A final stage in the development of 
avian influenza reference centres would be the establishment of strict 
isolation facilities and a supply of susceptible chicks, in order to conduct 
pathogenicity tests and determine pathogenic indices. 
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INTERNATIONAL REPORTING 
International agreements are already in place for recurding outbreaks 

of fowl plague in the publications of the Food and Agriculture Organiza- 
tion and the International Office of Epizootics (OIE). In this present paper 
it is suggested that consideration be given to  recording avian influenza 
virus in four categories, namely, flf undifferentiated virus; (21 vehgenk 
(classical fowl plague); (3) mesogenic and (4) lentagenic. This system is 
comparable to the recording of Newcastle disease virus in the current 
Animal Health Yearbook. 
CONTROL, AS AM INTERNATIONAL RESPONSIBILITY 

It is proposed that international eontrol be directed against the 
velogenic avian influenza A viruses. This concept does not prevent cuun- 
tries from developing control measures against the mesogenic and len- 
togenic forms of the virus. However, a number of factors w d d  have to 
be considered before control measures could be extended beyand the 
velogenic types of virus. Thus the epidemobgy of the different avian in- 
fluenza viruses is not we11 known, (Winkler e t  eL 19'72; Slemons et a& 
1974). In very many areas of the world, this lack of epidemiolagied infor- 
mation presents difficulties in establishing contro! measures. Therefore, 
there exists a dear responsibility for countries to initiate studies on the 
aspects of epidemiology. It  is clear that the origin of many outbreaks of 
avian influenza virus infection in domestic poultry have not been deter- 
mined (Alexander e t  a& 1979; Gee, 1916; Johnson et a4 19'77; Larsg ef a& 
19'72). Nevertheless, national control measures cannot always wait for 
precise epidemiological dab, especially that relating to spread of the 
virus between species (Slernons and Easterday, 19781. 

In the control of animal diseases, eeonornieal considerations are impor- 
tant. Thus, it is necessary to  estimate the economic consequences of not 
taking measures to control velogenie avian inBrrenza. These economic 
consequences vary from country to country and from region to region 
within a country. In addition, there is the ever increasing world demand 
for poultry and poultry products. National and international responsibili- 
ty is clear and d'rect, namely, the maintenance and development of a 
world food supply. 

A basis for the international control of vebgenic avian influenza 
viruses is available in the In ternationel Zoo Sa7EifaEz'on Code, prepared by 
the Office International des Epizooties. The relevant sections of the Code 
provide some flexibility in the measures available to national veterinary 
services. Within this concept of choice, the following are suggested. 

(a) A country, or a zone of s country, may be considered free from 
velogenie avian influenza when it can be established to the satisfaction of 
the importing country that the disease has not been present fo;. at least 
the previous three years. 
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(b) For countries in which a stamping out policy is practised, the country 
or zone of a country, may be considered free if at least six months k v e  
passed since tht last outbreak of the disease. 
In making this latter suggestion on freedom from velogenie avian 

influenza virus, it is recognized that a country has been deehred free 
from avian influenza 21 days following completion @ a stamping out 
policy Gee,  1978). 

Second. The application of control measures 

The control measures will apply to domestic and wild caged birds of 
any age, eggs for hatching, poultry meat, feethers and other products as 
defined by an importing country. 
Thin& Limitation of movement 

The National Veterinary Services of importing countries may prohibit 
introduction into or transit through their territory, of products from 
countries considered infected with velogenie avian influenza. 
Fourth: Ve t~m'mq Certification and Quaranti~s Requirements 

These are considered separately for: - 
(a) ciomestil: birds, and 
(b) wild caged birds, including birds bred in captiv'.ty. 

The veterinary requirements will include:- 
h) Freedom from any clinical disease in birds being exported. 
Cb) Attestation that the birds were not vaccinated against velogernk 

avian influenza. 

Id Details relating to the origin of the bwGs tr hatching :,gs, 
(dl Required isolation measures and tests to oe condrreted while in 

quarantine. 
(el The treatment of avian meat prodccts originating in eosntries in- 

fected with velogenie avian influenz.3. 
(0 The required certification of consignments of fkesh meat from any 

avian species. 
(gl The required treatment to destmy the avian inflrzeeza virus En meat 

meals, feathers and other poultry products. 
(h) The destruction of all containers, feed and water. 
DISCUSSION 

International control has to be adequate to prevent or at least reduce, 
the spread of velogenic avian influenza viruses through international 
trade in live poultry, poultry products and live captive birds (Pearson rt 
a& 1975). The development of rapid means of transportation and the in- 
creasing numbers of animals and animal products being moved intema- 
tionally, increases the risk that pouItry diseases of economic importance 



will eventually extend to all countries where there is a sizeable and in- 
creasing poultry population (Cockrill, 1971). Thus, the number of exotic 
birds imported intc the US' during 1975 was approximately 125.000 
(f ierson, 1975). As a result, it has been suggested that avian shipments 
from which any haemagglutinating virus has been isolated during 
quarantine should be refused entry (Butterfield, 1916b). 
The part played in the spread of avian diseases by the very Iarge 

numbers of live cage birds moving in internat-ion& trade requires eon- 
tinued study. It has been estimated that in 1975. more than 5,000,000 eage 
birds moved in international trade in me year Unskipp, 19151. PubEisHed 
reports have emphasized the danger of spresd of influenza A viruses 
from wild to domestic avial. species (NfFerran e t crl, 1914; Alexander o t 
al, 1974). In addition, surveys conducted on imported captive birds have 
yielded influenza A viruses having a wide range of virulence fur &week- 
018 chickens (Ashton and Alexander, 19801. 

Thus, a discussion on the international aspects of the control of avian 
Influenza infections must inehde, in addition to domestic  poult^ 
{Meulemans et a& 19791 the hfluerxee of free flying birds f3tosenberger et 
at 1914) and the trans-shipment of captive age  birds (Nerome et  al, 1978). 
Control over the global spread of the virus requires the establishment of ! 3 
clearly defined and generally acceptable impartexport veterinary health ! 
certificates. The establishment and the aeceptanee sf veterinary 
safeguards is an international responsibility. Research into the character 
of avian diseases and into the means ~f eontroI must be supported both by i 
governments and by private interests to a much greater extent than at 

tj present (Cockrill, 1971). Thus within the influenza group of viruses. the 
property of mutation under natural conditions 03ankowski. 1933) 
represents an important research activity. 

1 
1 

In addition to the ~ e e d  for further study on the replatory control of 
zvian influenza; vaccination also requires additional Investigation. A live 
avirdent influenza F ~ G S  (HavI Nav2i has resulted in 100 per cent protee- 
tion of chickens against virulent strains of the virus (Butterfield and 
Campbell, 13781. However. these authors and Sn;olenskii et a& 1978, on- 
sideredl that the immune chicken may became a virus carrier. Thus, at $he 
present time eradication rather than vaccination. should be the pra- 
cedure to adopt in the control of velogenie avian i m n z a  h Gomestie 
poultry. However, in certain regions of the world where losses due to 
avian influenza have been severe, va&natiori may provide some redue- 
tion in mortality (Butterfield, bW6a). Co~trd  with inactivated vaccines 
has been effective CBrugh et al, 19791. 

SUMMARY 
Disease is a serious restriction to the expansion of national and interna- I 

tional trade in poultry and poultry products K h k i U ,  19711. Thus the I 

development of national and international effork and the acceptance of 
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international responsibility in the eontrol of velogenie avian influenza is a 
wiser long term policy than the erection of trade barriers. 

However, national policies for the short term are less easily defined. 
The resources available-must be examined, Outbreaks of classical fowl 
plague, with rapid death and serious mortality present economic pro& 
Iems in many countries. In response to this situation, countries where the 
classical disease is not recognized have established strict import regula- 
tions. 

In reviewing international responsibility, it is proposed that the term 
fowl plague be replaced by the term velogenie avian influenza. In addi- 
tion, a elassifieatioa is outlined whereby isolates may be grcoped ac- 
cording to the field mortality and laboratory pathogenicity tests. A 
classification of this kind, although having limitations, overcomes the dif- 
ficulty of basing field control measures solely on the antigenic structure 
of the isolate. A classification based only on antigenic strncture does not 
permit the development of meaningful regulations for international 
trade. A clear definition of the term fowl plague is needed if countries are 
to compare disease legislation. research findings and the results of field 
investigations. 

It is suggested that international responsibility for the control of avian 
influenza is urgent and is not a situation to be neglected until the global 
problem becomes more serious. 

DR. LANG: I think there are several points we should take inta z m -  
sideration. I think there is no country in the world that a n  state at the 
present time that it is free of fowl g h s e  on the basis of the dozens of 
viruses in the wild bird population. :%at Great Britain, nor Canada, nor 
the United States, nor all of Europe can make such a statement. And 
therefore, all our measures are based on the principle of eonsidering fowl 
plague an exotic disease. Fowl plague is no longer an exotic disease. And 
therefore, by instituting the measures as are proposed here I think they 
arr: trying to overkill; we are creating more harm by overburdening the 
sy.Ftem with regulations than really the situation (requiresl. The next 
point is the definition of fowl plague is based on the pathogenicig in 
chickens. All of you have heard during the East two days that 98 percent 
of the outbreaks were in turkeys. Then it is necessary the pathogenicity 
in chickens to the pathogenicity in turkeys. An example here. this morn- 
ing, ChickenlScotland was given to have an intravenous pathogenicity in- 
dex in ehickens of 1.98 or something and has -12 in turkeys. W e  have a 
virus in Canada which does just the reverse - it is pathogenic to turkeys 
but not to chickens. So would you kindly tell me which specie is the specie 
thzt should be considered as the type specie for defining fowl plague. 
Thatk one thing. The second thing is that fowl plague is dangerous 
because it has a certain diffusibiky. Is the intravenous (index) test giving 
us any information as to the degree of eontagion of the virus? Wouldn't it 
be much better to  put the virus in the drinking water and find out how 
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many chickens or turkeys catch the infection by this more natural route 
of infection. 

DR. BALVORSON: Dr. Lancaster, there are a couple of things that I took 
exception to in your presentation. Cne of these is to include the field mor- 
tality as part of the method of classifying this virus. I think a11 of us agree 
that  disease is related to not only the pathogenicity of the virus but aIso 
the dose of virus and the resistance of the host, And as Dr. Newman 
showed on the  slide yesterday, we had the same virus that produced 12 
percent mortality in young poults, 20 or 25 percent mortality in other 
birds, and essentially no mortality in another flock of birds. And I don't 
think that taking field data is a very scientific approach to classifying a 
virus. The second thing I would like to  mention is that  a11 during this Sym- 
posium up until now when we talked about t h e  epidemiology of the avian 
influenza we have talked about wild birds, we have talked about water- 
fowl, we have talked about all these things, and nowhere have E heard 
anybody mention today or yesterday or ever that hatching eggs or eggs 
or the  transportation of poultry meat is involved in the mecharricd 
transmission of avian influenza from one country to another. And I: think 
until we have research data to show that this is even possibly a problem, 
it is premature to  even suggest regulations for t h e  same. 

DR. POMERQY: Dr. Halvorson and 1 come from the same State of Min- 
nesota and philosophically we may be 25,000 miles apart. So  I: just wanted 
to  say that 1 don't agree with Dave Ealvorson and some of his interpreta- 
tions. 
DR. PETERSON: Well I guess I am little more in line with Dave Halvor- 
son, personally. And Dr. Lancaster, would you define (what you mean 
when you say) "high mortality." 

DR. LANCASTER: Of course, I make no pretends to be a scientist, 
virologist, I am perhaps an armchair pathologist. But the  point, Mr. 
Chairrnm, ladies and gentlemen, is that we must never overbuk in a sym- 
posium of this type and a topic of the type given to me is that other coun- 
tries do not have the technical expertise nor the laboratory facilities to 
conduct many of the sophisticated test which we in North America 
regard as routine. And this is something that we should bear in m i d ,  
Now to t ry  to answer some of the questions made. Really f can't. Dr. 
Peterson asked me to define high mortality, I have no special definition, 
Pete, of high mortality. I would consider anything above 80 percent in a 
flock as high mortality. This is the area of mortality which I have in mind. 
Dr. Halvorson has found a very obvious weakness in the ciassificat-ion 
system proposed and that is to try to  integrate field mortality as a matter 
of classification. Now, certainly in the case of Newcastle disease this 
would not apply. But how do we deal with an isolate of avian influenza 
that has been recovered from a flock with high mortality, that is over 80 
percent, and yet that same isolate in the laboratory gives low 
pathogenicity indices? We have an obvious conflict between the field 
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observations of uncomplicated, uncomplicated avian influenza of high 
mortality and an isolatc :n the laboratory which gives tow pathogenicity 
indices-a conflict. And so from the  general concept of regulatory 
veterinary medicine we would put the field mortality, the  field &fa, and 
the field picture in over and above laboratory data- We have 1x1 use it in 
field veterinary work. We have to  use primarily the disease situation we 
see in the field and whether or not that is supported by subsequent 
laboratory typing and serological identification and pathogenicity test. It 
is well known, Mr. Chairman, ladies, and gentlemen, that dealing with 
problems like velogenic Newcastle disease for example, hog cholera for 
example, in many cases the flock or herd is killed and questions are asked 
afterwards. The virus is typed, searched for afterwards- Dr. HaEvorson, 
Mr. Chairman, reminded me, of course, that there is no evidence as yet of 
avian influenza A virus in hatching eggs or in poultry rnent. M y  response 
to that is to refer to a very important point that Dr. Price made this morn- 
ing when he talked about the development of control for biological prod- 
ucts. And he indicated clearly that the legislation period required in the 
United States was 5 years, if h remembered D... Price took, to get the 
serum toxin legislation in place- approximately 5 gems. So really what I 
am looking at, Dr. Halvorson, is something that perhaps there is no sup 
parting data today. But in international thinking, as the example from Dr, 
Price's experience, we have to think 5 years ahead. And maybe 5 years 
from now there will be evidence of influenza vints in hatching eggs and 
poultry meat. Dr. Lang spoke about the diffusibility, the value of this is 
attached to virulence. To me, 1 must say that to study diffusibility zs a 
means of criteria is too dangerous a procedure. Usually w e  have to act 
far, far quicker in order to control any serious disease of any kind- H e  also 
questions the use of pathogenicity test in chickens why not in turkeys. 
My answer to this, Mr. Chairman, is again looking at this internationally, 
there are many, many countries in the wodd that have a limited supply d 
specific pathogen free chicks. They have limited facilities for ehicks. H 
don't think that they have comparable experimental animals in turkeys. 
And, therefore, it is for this reason that I took chickens as my experimen- 
tar animal. Thank you very much. 

DR. POMEROY: Now X think the  key word that was said here to me is mi- 
complicated, Dr. Halvorson, uncomplicated avian influenza. I think if we 
keep that  in mind when we are talking about influenza in Minnesota we 
are talking about complicated influenza, pasteurelhs and all the other 
things with it. So that we have got to say when we are talking about in- 
fluenza we are talking about the uncomplicated or the influenza v h s  
itself and what it will do. 
DR. BEARD: I don't want to disagree with anything that ycru said Dr. 
Laneaster. I admire you very much for standing up here and making pre 
posals on such a controversial subject. It takes a person that's weathered 
m a y  storms to do such a good job, and I appreciate your effort. I wmfd 
like a clarification rather than to challenge what you said. When you talk 
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about freedom from influenza, are you talking about freedom from the 
velogenic, as you described it only, or are you talking about freedonz in 
domestic fowl, or are you including freeflying birds? And the last 
question I have is how do you correct for those countries 4; t don't look 
for avian influenza or don't have the expertise or the facilities ta da so? 
And you noticed I didn't challenge a single propsal you made. 
DR. LANCASTER: Dr. Beard, you paid me tie compltirnentt of being an 
old ham. Yes, I am getting old all right. But so too are you Dr. Beard, you 
are a well experienced man, and so you don't cmtradI~t me you just make 
it difficult. Mr. Chairman and Dr. Beard, freedom-yes I quite agree, I 
didn't explain dearly what I mean& by freedom. What I really was trying 
to say was freedom from velogenic avian influenza, This being my sug- 
gested terminology for the old term fowl plague. I think it will be quite 
impractical to consider a country free from all of the other kinds of avhn 
influenza A viruses. So I thank you very much, Charlie, for bringing this 
point to my attention. I referred to  freedom. Looking at it h m  country 
to country then we must look at freedom &om vebgenic avian influenza 
in the same way as we have in our interpretation of' fkeedom from 
viscerotropie velogerrie Newcastle. Then, Charlie, you Had another ques- 
tion. 
DR. BEARI): Which specie, domestic or freeflying? 
DR. LANCASTER: I am not art all sure. I: don't see how we earn deal with 
freeflying birds, 1 have listened, Mr. Chairman, carefuHy to the comments 
from Dr. Winshaw and from Dr. Lipkind of Israel of the evidence for and 
the evidence still waiting to show a clear connection between freefIying 
birds and domestic poultry. So I think to answer your questh,  Dr. 
Beard, I would have to say that I am speaking only of domestic poultry. I 
can't see that we can deal with control measures for £reeflying birds, W e  
seem to have to regard freeflying birds as a serious hazard in this par- 
ticular disease. 
DR. HINSWAW: I would like to make one comment. about the velogenit 
influenzas. Historically, the Havl and the H a ~ 5  have been associated 
with the severe disease outbreaks which D Larrcaster would 
characterize as velogenic. But there are enormous numbers of infhenza 
A viruses in nature. Many of which possess those surface sn5gens and 
they are totally avisulent. So you cannot use possession of the H and M as 
the factor which dictates virulence. There are a lot of avhulent ones out 
there. 
DR. ALLAN: I would like to congratulate Dr- Laneaster on plunging into 
the deep end, 1 think really what be has done is he has formuiated the 
skeleton from w hi& the reasoning will involve, and I think the vigorous 
discussion that is taking place now shows in fact that now we are going to 
build up from this. I'd Eke simply to make one point and that is that In 
regard to the highly virulent strains we have and the isolates from them. 
I believe the total amount of money that has been lost directly due to 
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disease has been very, very small in comparison to the more enzootie 
disease of lower virulence and because these has been very little tenden- 
cy for these viruses t o  spread as far a s  we know. It appears to  me that 
fowl piague virus may well have been an emotive term. And if we are 
really looking to the interest of controlling animal disease, we may want 
to diffe~entiate between a sporadic outbreak of disease which is con- 
tained and enzootic disease. If it is enzootic disease, it may then be the 
economic importance within any one area. And Dr. Laneaster has 
identified a way we can look at  this. I think we are going to have to work 
very hard to take it on from there. 
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IS AN INTERNATIONAL REGULATION 
OF AVIAN INFLUFAIZA FEASIBLE? 

G. Benn c j ean 
Laboratoire National de f athologie Aviaire 

Les Crok, 224.90 Ploufragan 
France 

Avian influenza is known world-wide as a disease which is caused by 
different antigenic types of virus that may be virulent, of low virulence, 
or avirulent, and are capable of infecting many species of domestic and 
wild birds. 

The disease, misnamed "'Fowl Plague", is a poteatid cause of em- 
bargoes in the poultry trade because there are no uniform international 
regulta t ions. 

Research advancements achieved in birds over the past few years 
mainly emphasized studies of the ecology of ifluenza. viruses and the 
possibility of re-assortment o% geaetie information between human and 
animal influenza A viruses, and are concerned with the antigenic stmc- 
ture of the virus. Less attention was given to the evaluation of the 
pathogenic effects of the virus in birds, including the economic impact on 
the poultry industry. 

Nevertheless, some information regarding virulence of Avian Influen- 
za Virus (AIW in domestic birds is available and may constitute basic 

international reggihticaas for avian influenza for the 
poultry trasde, ke!udjing hatching eggs, live birds (especially oneday dd 
chicks), and poultry consumer products- 

1MEASmElbllENT CRITERIA FOR AIV V'IRULENCE AM) DEFIMTION 
OF THE DISEASE 

The I97 1 WHO classification of AIV mentioned that virulent strains 
had to be considered as belonging to the HAVI subtype but at the same 
time a completely avirulent strain (AlturkeylOregor$71) having the 
hernagglutinin of classical fowl plague HAVl was isolated by Beard and 
Helfer. Later MacFesran isolated a HAVIN1 serotype of A N  (Alpar- 
rot/ulsterfl3) which was avirulent in chickens. 

More recently, many othcr isolates showed evidence that no correla- 
tion could be established between virulence and the antigenic type of 
AIV. Consequently, virulence remains the only criteria to classify the 
A N  isolates. 

Different methods, similar to  those used for Newcastle disease virus, 
were studied to test the degree of virulence of AIV. 
Mean embryo death dime and stability of Aemagglzctinim 

These tests used for Newcastle disease virus are not well correlated 
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with virulence. In the future new technics, involving other genetic 
markers should be developed. 
Intravenous and intracereb~ul pathogenicity tests 

Intravenous and intrsrcerebral pathogenicity tests used for Newcastle 
disease virus may be proposed for measurement of virulence. The 
technics, intracerebral pathogenicity index (ICPI) and intravenous 
pathogenicity index (IVPIP are described in "Methods for the Exarnina- 
tion of Poultry Biologies" (National Academy of sciences-~at iond 
Research Council - Washington DC, 1971). 

Allan in 1977 tested 13 AIV strains and showed a good correlation 
between the virulence and the value of the IVPI and to a lesser degree 
the  ICPI. From that time, the opportunity was given to isolate avian in- 
fluenza viruses in several countries and study their virulence. 

Meulemans in 1978 and 1979 isolated three strains of AIV (two isolates 
were HAV3NAV1 and one isolate was HAV6N2) from poultry flocks. AH 
wese of low virulence and the correlation with IVPI values was confirm- 
ed, 

In 1979 Alexander reported the isolation of several serotypes in the  U. 
K., especially in Norfolk. Some of them WWN%ql) isolated from 
turkeys with severe clinical disease, have high values of WPI (2.49 to  
3.00). The others were of low virulence and had low values of IVPP (0.00 t o  
0.16) except one BAV2NAV4); of medium virulence, it had an in- 
termediate values of FJPI 034). 

In 1980, Duee isolated an AIV strain from bsdes-Hia.rreeder flocks in the 
northern part of France with clinical syrnptorns (enteritis) md mortality 
(10-200,). It was a HAV6N2 subtype showing some inhibition with HAVS 
antiserum. The values of the fVP1 and ICPI were zero. In all the ex- 
periments undertaken in our laboratory to  reproduce the disease in 4 
week old SPF chickens inoculated with different doses by different 
routes were unsuccessful except in the group infected by the ocular 
route. In these birds conjunctivitis and sinusitis, mild weakness and 
enteritis but no mortality were observed after two to three days. 

Nevertheless, if IVPI and ICPI are good criteria of virulence for the 
virologist, other useful parameters may be of interest as the mortality 
rate observed in the  field and the spread of the disease in a geographic 
area. So, strains of AIV classified as  mesogenic according to the IVPI and 
ICPI values and eventually responsible for high mortality affecting 
numerous poultry flocks must be considered as velogenic strains. 

Furthermore, some strains are more pathogenic for one species than 
for another or for younger birds than for older and the criteria to be 

* IVPI: The intravenous pathogenicity index is estimated from the time taken for six-week- 
old birds to die or show disease signs after intravenous inoculation of virus- The results are 
based on a scoring system in which the maximum index possible is 3-00 (100% dead in one 
day) and the minimum 0.00 (no recorded signs during the l04ay observation per id .  
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mainly considered is the most pathogenic effect for chickens and/or 
turkeys. From this point of view it would be interesting to experimental- 
ly determine the value of the PVPI test comparatively carried out in 
turkeys alrd chickens. 

According to  the ICPI and IVPI values and field criteria, AIV strains 
may be classified into three types as for Newcastle disease virus: 
velogenic strains (pathogenic isolates), lentogenic strains (apathogenk 
isolates), and mesogenic strains [intermediate isolates). 

Consequently avian influenza may be defined as a disease carrsed d y  
by velogenic or messgenic strains of AIV. This excludes infections by len- 
togenic strains of AIV which may be cenfused with a e l i n i d  disease 
caused by infections with lentogenic AIV strains concurrently with other 
avian pathogens. Consequently the term "Fowl Plague" shouid be 
d i s c a d d  because AIV other than a "Fowl Plague" strain of virus may 
cause high mortalities and non-pathogenic strains of AIV are incorrectly 
designated as "Fowl Plague." 

2NATLONAL RULES TO EVENT AND ERADICATE TEIE DISEASE 
2.l.Rdes to prevent the disease 

Classical sanitary rules must be applied to prevent the occurrence and 
spsezd of AIV viruses. Nevertheless, some particular features of the 
disease must be taken into account in order to prescribe speeific rules. 
2.1.1. AIV viruses are capable of tnfeeting many specim of domestic 
birds: chic kens, turkeys, d w  ks, guinea fowl, e t .  

So, the fact that. breeders sf different species must not be mixed on the 
same farm to prevczt zross-contamination between species has to be em- 
phasized. 
2.1.2. AIV &uses are able to infect m a y  species of wild birds and con- 
sequently the domestic b i ~ d s  

According to Alexander, it seems likely that the origin of the out- 
breaks of avian influenza that occurred in turkey flocks in Norfolk in I979 
was in relation with the presence of many starlings in the ares during 
this period. It was in winter and winds and snowfalls had caused damage 
in turkey houses allowing access to wild birds. 

Moulthrop and Langston in a report on avian influenza outbreaks in 
Minnesota turkeys said that wild bird exposure was less important in 
housed birds than for range birds- 

Consequently, the control of AIV infection must include the keeping of 
breeders in closed houses with wire-netting on the air inlet and outkt to 
prevent introduction of wild birds in the poultry houses. In warm coup 
tries where the wall of the house is replaced by a wirenetting, a nylon- 
netting at one or two meters from the wirenetting can be used in order 
to avoid contact between wild and domestic birds. 
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2.1.3 hfee ted  AIV b ~ e e d e r  f icks may be a source of infectiu?~ as the 
possibility of egg transmission cannot be ruled out 

Narayan had observed AW in eggs laid by infected turkeys and as a 
matter of fact the embryo cannot be killed by some strains of AIV. Fur- 
thermore, during the hatching process, vertical like transmission cannot 
be excluded if no sanitary measures are taken to prevent the contamina- 
tion of the hatchery especially by personnel, eggs and egg trays coming 
from breeder farms. 
As breeder flocks are examined for other infections, Mycoplasma 

ga1lisepticum and synoviae, in 1% of birds at 3 month intervals, the same 
blood samples may be used to check the flock for AIV infection. 

Irnmun+double diffusion test (agar gel precipitation) is a good 
serologicd method to check the A X  infection (Beard, Bankowski). An an- 
tigen prepared with a virulent strain (A/turkeyEngIaradE&S-Langham 
HAVlNAV3) share the same components with the other A N  and some 
influenza viruses of other species according to the new classification of 
APV proposed by Schild, Newman, Webster, Diane Major and Virginia 
Hinshaw (National Institute for Biological Standard tlondud and the St. 
Jude Research Hospital (Memphis) 1. 

Consequently, blood testing by the agar gel precipitation test may be 
proposed on 1% of the breeder floeks to control A N  infection when birds 
are more than 4 months of age and retested at 90 day intervals. 
2.2 To eradicate the disease 

When poultry flocks are suspected to be infected by a pathogenie 
strain of AIV the entire area around the infected premises must be con- 
sidered as "infected" until the national authorities psave that the virus 
involved is not velogenic (or a mesogenic strain of APV or have eradicated 
the infected birds by slaughter and destruction). 

If eradication of the birds is not decided, or if the decision is made too 
late and it is proven that a velogenie (or mesogenie) strain of AIV is in- 
volved, then the area is still to be considered as "infected." 

The size of the area depends on the virulence and ability of the strain of 
virus to disseminate. This should be correlated to the number of flocks of 
susceptible birds in the infected area [between ten square kilometers and 
100 square kilometers). The area is once again considered to be clean of 
infection if no new cl~tbreaks occur during the two weeks following the 
last case. 

If during the quarantine period other farms are infected outside of the 
area, a portion of the country sHmM he considered as "infected". Possibly 
the entire country should be considered as "infected" if the virus is 
disseminated in several areas of the country. 

In the event of mild forms of the disease, caused by mesogenie strains. 
the opportunity for applying the rules above would depend: on the ability 
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of the virus strain to disseminate rather than on the relative pathogenici- 
ty of the strain. 
3-REGULATION CONCERNING INTERNATIONAL B O ~ ~ Y  TRADE 
3.1. Hatching eggs and one-day old chick 
These are the main concern of the international trade of iivs material 

and consequently the risk of spread of the disease, ineIudiIgg avian in- 
fluenza is less than with older birds. In fact the trade of the latter birds is 
limited to neighboring countries or countries belonging to the cwne 
economic organizations like E.E.C. For hatching eggs and orreday old 
birds the origin of infection may be the breeders an&m the hatchery. 

It's the reason why the biologica1 material to be exporten must 
originate from breeder flocks sero1ogiaUy tested as mentioned above 
and free of infection of AIV. 

Furthermore, the breeder farms and hatcheries must be located in 
areas free of infection by a velogenic or mesogenic strain of AIV during 
the last two months, 

The knowledge of the world epidalaio10gicaI situation requires that 
each country report the influenza outbreqks to an internations1 organiza- 
tion like the "Internationd Office of Epizootics". The problem remains to 
define the "influenza disease" as the disease caused by velogerk OF 
mesogenic strains and consequently to discard the term of "FuwI 
Plague". Actually, in most countries, two avian infectious diseases must 
be reported, Newcastle disease and fowl plague, because they are con- 
sidered by the national authorities as severe diseases. If the tern of 
"Avian Influenza" is adopted with a general csoncelpt of mild &ease more 
than severe disease, it nay be possible that national authorities won't 
agree to report outbreaks due to AIV, especially when mesogenic strains 
are involved. In fact, the problem is the same for Newcastle disease con- 
sidering the fact that mesogenic strains are observed sometimes to be 
circulating in poultry flocks in some countries or areas with low mortality 
and no severe clinical symptoms, without nationa1 authorities reporting 
the occurrence of Newcastfe disease outbreaks. 
3.2 Poult~y meat 

The risk of spread of AIV in international trade of podtry meat; is 
mainly, as for Newcastle disease, related to the consumption of some 
parts of the carcasses, like viscera and by backyard birds, but these risks 
do not concern ready-t*cook chickens. 

Resistance of AIV to physical and chemical agents must be studied in 
order to  get more information on the real risk sf spread of AIV .from 
poultry carcasses. 

But until results are available, it may be prescribed, far internationaI 
trade of poultry meat, that flocks and processing plants for export must 
be located in an area without any case of acute influenza disease caused 
by a velogenic or mesogenic strzin during the last month. 
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International regulation of avian influenza is feasible bat. requixes Fur- 
ther research on the evaluation sf pathogenicity and resiskme of the 
AIV strains. 

Nevertheless, some rules can now be proposed after dkcrassioe of t h b  
paper and may constitute a draft regulation that could be submitted to 
the "Internaetional Office of Epizootics" by its represenb%ivs, Dr. 5. Lan- 
caster, t o  inelude the conclusions in the 0-1.E. 1ntermtioa~a.I Zoo. Sanitary 
Codex- 

Nevertheless, if IVPI and ICPI are god criteria of virulence for the 
virologist, other useful parameters may be of interest as the tnrcwtatlity 
rate observed in the field and the spread of the disease in a geugraphie 
area. So, strains of AIV cfassifkd as mesogenic according to the ZVX and 
ICPI values and eventually responsible for high mcestdity dfectinng 
numerous poultry flocks must be considered as velogenk stmiins. 

Furthermore, some strains are more pathogenic for one species 5han 
for another or for younger birds than for dder and the criteria to be 
mainly considered is the most pathogenic effect for chickens a n d b  
turkeys. From this point of view it would be interesting to errperi.ine~- 
tally determine the value of the IVPI test compaxtiwiy ea~rlsd out in 
turkeys and chickens. 

According to the ICPf and IVPI values and field miteria, AIV strains 
may be classified into three types as for ?4ewcas&k disease virgs: 
vebgenic strains (pathogenic isolates), Ie-ntogenic strains (apathogenk 
isolates), and mesogenic strains (intermediate isolated. 
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DR. KUMAR My question is that if we are vaccinating breeding flocks. 
how do yorr test that breeding flock for AI? Beacnse it will be positive an 
AGP unless you test it with every strain of t-irus possible. 

DR. POMEROY: I guess we have a problem here of using vaccination. 
Vaccinating the breeding flock, we are going to have titers, AGP positive, 
seroiogically positive, and the questiori is then how do we differectiate on 
your scheme there of being negative? Would you like to make any corn- 
merats about that. 

DR. BENNEJEAN: It is difficult to differentiate between antibodies 
after vaccination and after natural infection. But in my paper, I considar 
only the case of exporting birds and their recommendations ofthe import- 
ing countries. I have an exzlmple to give in Ithe case of France, we export. 
poultry meat to a country like Switzerland which is free of Newcastle 
disease and this country does nut vaccinate against Newcastle disease. 
And we ask that broilers, poultry meat exported to Switzerland come 
from flocks without antibodies against Newcastle disease, against an- 
tibodies from vaccinated bird and infected birds. And it is at program or 
reeornrnendaLion of impwting country. The requirements are decided 
between the importing country an6 the expcrrtilg country. 

DR. ALEXANDER: 1 would like to make a comment, about the use of the 
IVPI test as one of the major culprits using that test. I think the test 
shouldn't iacIude a score of three. This has beer! a hangover from the use 
sf Newcastle disease virus test where the birds clearly become paralyzed 
during the course of the disease. In all the hundreds of XVPI's we have 
done, I think we have only recorded a score of two which was for 
para!ysis once. We usually use this to  sigilify moribund birds and I would 
suggest that the maximum seore in the IVPI  should be two as it is in the 
ICPL test. I think this is quite important because early deaths which oc- 
cur sometimes with relatively apathogenia: viruses become artificallg in- 
flated because of a seore of three on this test. 

DR. NEWMAX: 1 would like to comment at  least in terms of turkeys. I. 
wonder if there is anybody here who has any knowledge whether a 
turkey breeding flock has ever been subclineally infected with influenza 
virus. Our suggestion would he that "it's handwriting is on the 
wall" - influenza comes in, egg production goes down, and you don': real- 
ly need to do any serology. And unless you get into an immunization pro- 
gram, we wouldn't be aware that that was necessary. 

DR. ALEXAKDER: In 1979, one of our fbeks  that we isolated virus from 
in fact showed no clinical signs at  all. And then it was anly the 
observation of 2 to 10 of the eggs that they noticed hzd a peculiar white 
color that we went in and looked at the flock and these birds were in- 
fected and had been infected for some weeks with influenza virus. 

DR. BAWL: A eonment on that answer. The partietzlar flaek in question 
may have been positive before it came into production and the serology 
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was positive and you had chaulky eggs because there was some other prob 
lem on the farm. 
DR. ALEXANDER: I ean't offhand remember the age of the birds. But, I 
thought that was unlikely. Nearly all our outbreaks in that year, 1979, oc 
curred in a very short period of about 3 weeks. And these particular birds 
we picked up about 3 weeks after the last one in the group of outbreaks 
that occurred. So I would have suspected that they had been in Iay for 
some time before they were infected, but offhand I ean't remember that. 

DR. ,: Was avian influenza isolated? fcannot Inear) 
DR. ALEXANDER: No, serological e;i.idence only I am afraid. 
DR. BAKL: The question I have and maybe someone can put a little more 
light onto it- we heard today different speakers talk about the role that 
may or may not be played by eggs layed by flocks which are positive and 
egg transmission. Vertical transmission-Itas it ever been proven to  be 
there even in the ease of influenza or Newesstle? 

DR. POMEROY: Well, f can answer for Newcastle disease. 

DR. ALLAN: Thank you. I was rather hoping that our adenric col- 
leagues who have been reviewing the recombination possibilities of t'ne 
influenzas would comment and give us their views on what would happen 
if live avirulent influenza vaccines were used on o w  turkey farms or 
possibly other ones and whether they think this might create a stable or 
an unstable situation. I would have thought myself that this could be in 
the long term an extraordinarily hazardous operation. and I would be 
very interested t o  know it the people better informed than I would share 
my apprehexions on this. 
DR. POMEROY: Dr. Easterday, would you want to make any comment, or 
Dr. Hinshaw, on the pros and cons of the use of attenuated live vaccines. 

DEE. EASTERDAY: I think given the number of viruses that cirsrrhte 
already, putting one more in I can't see any complication. 
DR. HINSHAW: I would differ a little bit. Certainly, five vaccines have 
been emsidered fur many years for  use in humans as well. And the objec 
tions, well of course, there are many studies on this. There is: tfte prorrg 
that through genetic reassortment with the strains that are already eir- 
d a t i n g  that possibly you could ereate one that would be worse than the 
one you started. However, Dr. Easterday's point is also weU taken that 
you have an enormous number out there already that are reasserting. It 
is not to the virus' advantage to create one that is worse. Because when 
it kills its host it's not, going to survive as well. So typically- you w 
produce one that is worse but that possibility certainly exists and I would 
ask Dr. Alian. I don't think we czn eliminate the fad that that possibility 
could oeeur in using these vaceines. Although iL is still a possibility to use 
live vaccines. 
DR. LANG: 1 think it  is not eorrect to asr ..t $2.- 9 that influenza viruses are 
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circulating in the turkey population, Certainly, not in Canada. Whenever, 
we have an outbreak, there is a single virus involved and that single virus 
disappears as soon as the flock is . 
DR. NEWMAN: Unless we can raise turkeys in Minnesota like they do in 
California, we couldn't afford to use the most avirulent Eve vaccine. 
Because at the time we recombine this with live cholera vaccine, Eve 
Newcastle vaccine, hemorrhagic enteritis virus - why we have got a p e  
tent combination. So we will have t o  stick with the inactivated yaccilres 
until we can rear turkeys like they do in California. 

DR. BANKOWSKI: I would just like to bring up a point on this recom- 
bination again and vaccine strains. We, in California, Eke to produce our 
vaccines from the homologous strain or the strain that is producing the 
disease. This morning we heard that what youhave is a bank af 17 dif- 
ferent antigenic types for hemagglutinins that produce high titers, or 
produces high titers in eggs. I would like to know the reason why you de- 
pend upon a high titer, HA titer, rather thar: picking a more irntnunogenk 
strain, rather than antigenic strain for the humoral antibody. 

DR. PEARSON: I czn comment on the I7 strains. Dr. Price is probably 
the one that should comment and I don't see him. We do have 17 strains in 
our freezer in Ames that could be supplied to b.iologie companies if they 
desire. We would agree with you that this is the best procedures. These 
are not recombinants, and all of these will not necessarily produce high 
HA titers. We have not tested them on that. And X guess our feeling 
would be the same as yours that when we have an outbreak we should use 
an homologous strain. But these are available to biologics facilities if they 
want to use them. 
DR. HWSHAW. I would like to comment about what 1 was discussing the 
high growing recombinants. And only a couple of these have been pre 
duced for use in the vaccine as a service because this is not our major role 
either. The benefits derived from high growing recombinants is that it 
increases the antigen eontent whieh is extremely impo~tant in whether 
you are going to'have a vaccine that works or not. This is not the only 
thing to be considered. First of all, hiah growing recombinants done can't 
do it. You may need additional purification to get the antigen level that 
one needs in the vaccine. I do not know the antigen levels in the ones 
being used. As an alternative of what I mentioned, if you cannot get a 
high growing recombinant, whieh happens, that you might be better off 
to resort to using a closely related strain that atready has that abiEty, 
And this would have to be, of course, done by examinfng the virus with 
serdogieal assays to see how close is the isolate from the field to the ones 
that you already have. If you had any doubts or if you thought it was 
drifted or sufficiently different, you could not use a substitute. ft is 
always preferable to use the homologous virus. But for vaccines you do 
have to have that antigen; and if there is any possibility of snbstitating. 
this sometimes needs to be considered and sometimes is appropriate. 
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DR. BANKOWSKI: I was very pleased you brought that point up. 
Because if you recall, our last outbreak in California was caused by, we 
finally all agree, that it was an Mav6. And yet when the virus first came 
into the laboratory we checked it against three Hav6's which we had in 
California. And it only reacted with the antisera to our Hav&Nav3 which 
you confirmed and so did the federal laboratory showing that there were 
three Have's in California that were related but as you said not identical. 
And so perhaps this adds more fuel to the fire that perhaps we ought 40 
be thinking of a homologous rather than Iabfixed strain for vaccine pro- 
duction. 
DR. HINSHAW: It certainly is desirable to use the holmdogous whenever 
possible. If it is such a poor grower though you are going to be in extreme 
difficulty in getting enough antigen to put into a vaeehe to do any good. 
So first of all the high growing recombinltnts if that really hits a blank 
wall and you have a poor grower, then fook at antigenically related 
strains as a possible substitute. 

DR. NEWMAN: We did use the high titered recombinant and challenged 
it with a heterologous Mav6 in our area and found that it withstood the 
challenge very well, both in market birds and in breeder birds. So that to 
support the idea that you need antigen and that you will certainly get 
some cross protection with the Hav6 subtypes, our experimental data 
and field data would support that. 
DR. RINSHAW: I would like to ask a question of Dr. EskeIund. Do you 
have information on the antigen content that is being used per Kid or per 
dose? Is there information available on that aspect? 

DR. ESKELUND: Unfortunately, these vary aEI over the board. We have 
tried to pick the highest ones and the biggest problem is with an Hav6. 
We can almost consistently come up with antibody titers of at least 640, 
alot of times in the 1280's, or even 5260's. Our first experience with the 
Hswl were absolutely lousy. We obtained another isolate, a more recent 
isolate from Missouri, and this one worked alot better. 1 don't remember 
the actual BA titers we received but I know they were far superior; and 
we have used this one. During the hst outbreak, we had to prduce a vac- 
cine because they wanted it yesterday. So we did go ahead and produce 
the minimum amount with what we had until we got other v h s  in. But 
these work strictly on trying to obtain the best HA titer we could and 
usually using individual harvest from two or three embryos to obtain it. 
DR. BEARD: Thank you. I: think some of the discussion here on vacleines 
and antigen cmtent are based on some experience Virginia has had with 
human immunization. Problems that they have had through the years. 
We have had one advantage here with pouItry vaccines that we are con- 
sidering. The only other animal vaccine used to any extent has been the 
equine 1. I believe its an aqueous product. r think t h ~  hornan products are 
aqueous products. I am not sure that there has been any oil emulsion or 
water and oil emulsion in human products made. Am I right on that are 
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they aqueous vaccines primarily with no oil emulsion? Yes. So here we 
have an oil emulsion product that has a very good adjuvant effect in what 
we are using in poultry. Although the antigen content is very important. 
I believe you might be able to use some laboratory or rnanufaeturers 
stock virus, very ciosely reIated as Virginia pointed out, and sacrifice a 
little bit on perhaps antigen mass if you are using oil emulsion. Granted it 
would be delightful to use the homologous, but we do have adjuvant in 
the vaccine that. has been used. I think that compensates for a little of the 
sins of n ~ t  using the homologous ones. I dodt think we should lose sight 
of that. Hopefully, one day we can evolve to a matter of using the single 
radial diffusion and actually quantify the amount of antigen in our vac 
cines before they are mixed with adjuvant and get on a much more 
precise basis. Without t h ~ t  I guess the hemagglutination is more 
desirable. But 1 don't anticipate, Dr. Hinshaw, these eornm;.reial products 
being made from concentrated virus suspensions. I think they are going 
to be made from allantoic fluid harvest without manipulation because we 
have got the adjuvant that helps us get the job dom in an eeunomieeily 
feasibIe fashion. 

DR. ESKELUNB: I might just comment that although 1 say we work on 
the HA principle, we have also tried not to sacrifice infectivity titer. W e  
don't know how important it is, but. we still work with the highest infec- 
tivity titer that we can obtain. I think the other possibi!ity of improving 
these, we haven't done this with influenza, but we are working hard with 
our other inactivated vaccines is to obtain better adjuvants. 
DR. HINSHAW: My question was more directly related to know haw 
much even HA units per bird is being administered to get some idea of 
what is required to  get an immune response in these animals; and how 
much you are going to have to have? I was talking more directly about 
specifically what is being used. 

DR. EASTERDAY: One thing that hasn't been mentioned in the eonhol 
and trying to help the individual producer in a problem is the use of an- 
tiviral compounds. Dr. Lang has published on this a few years back. Dr. 
Rinaldi published on the use of amantadine and given the focal from 
sporadic nature of influenza I think there should be some consideration 
into looking into the use of amantadine to help bail out those people, 
those producers, in these focal situations. I am not going to get into a can 
of worms with FDA and all that sort of thing, but arnantadine is one of 
those compounds that is cleared for human use and I recognize the eom- 
plications that go along with that. 

DR. EASTERDAY: (When we inoculate with a pathogenic avian influenza 



virus) that would normally kill the turkey or the chicken, we treat the 
birds with amaahdine at the same time they are infected and bave quite 
healthy birds that we a n  then obtain postinfection serum from. One 
more comment that relates to the quesbion that Dr. Allan asked about. 
(that Is) the use of these live virus vaccines (sad) to answer in not quite so 
cavalier manner. X don't think that what Dr. Allan was asking is a prob- 
lem, 1 woukdn9t be worried about % at C p  thogenic recombinants). I reaE 
ly wouid be worried sibout the pr*obIem that Dr. Newman brought up 
especially in irrnesota turkeys, (avian influenza of relatively low 
pathogenicity yet complicated with other disease-producing organisms 
on the same premises) 

DR. POMEROY: Our problem all started because we had a neighbor, Dr- 
Ezlsterday, isolated influenza. 
(Sic5 Now we've eradicated, I always use this as a good example, we've 
eradicated ornithmis from lour turkeys in Minnesota very simply. W e  had 
a very excellent technician who knew how to run a cornpiernent-fixation 
ICF) test. $he retired, and we haven't run a CF test since then and the 
disease disappeared. So in fW5, Dr. Easterday introduced us to influenza. 
Ur, were making lots of diagnoses of respiratory infections in turkeys of 
undiagnosed etiology; that is, we were making diagnoses of tracheitis, 
airsacculitis, and so forth, and then he carme along and confused us. So you 
see, we could get rid of influenza tomorrow in Minnesota. Ail we would 
have to do is just stop testing and we would not recognize the disease. 
DR. ROSEN WALD: Well, the only thing after your last comment 1 am 
wondering why you are using so darn much vaccine if you could get rid of 
it- as simply as that. I haven't Beard anywhere here today real good defini- 
tion of what benefits you're obtaining under fairly prell-controlled field 
conditions-where some of the b ids  were not vaccinated and others 
were from the use of the inactivated vaccine. And as Dr. Beard pointed 
out, the vaccine does cost money; it takes time to vaccinate. And 1 am just 
wondering how the birds are challenged, what the criteria for protection 
is - drop in egg production or what? 
DR. PORTEROY: Dr. Newman has done work on it. Dr. Bahf and I worked 
on it earlier. Vaccinated birds will be protected from drop in egg produe 
tion, They get a seroIogical response-we feel they are immunized, and 
thus, that is our criteria for using the vaccine. En the laboratory it has 
produced protection; and based on that fact, we take it to  the field. Now 
no way are we going to gat a man that has 100,000 turkeys on a Earm to 
vaccinate 50 percent of them and let 30 percent go unvaecinated. If the 
Science and Education Administration. is willing to pay the price, give us 
a million dollars, 2 million, or 5 million, whatever it might take to  do it 
(test the vaccine), we'll be happy to take Uncle Sam's money-even 
Wisconsin would accept that (project). But I think we have to be practical 



210 BENNEJEAN 

on this thing in the sense that in the laboratory the vaccine has been ef- 
fective. We're satisfied with it, and no way are we going out and suggest 
to the industry that they ought to put another 10 cents into their birds 
and throw that money down the drain. 
DR. NEWMAN: I guess I'd comment a little on that (issue). I thought 
maybe Dr. Poss might comment since they have actually used the vaeeine 
iri the face of an outbreak. There is also another (turkey) concern that has 
used the vaccine in an area in which an active infection was going on on 
the same premises. And, again, this is field data, and you have to take i t  
for just that. But in both of these instances, the response of the user was 
very positive and they felt that they did get, if not elimination of infee- 
tion, certainly the elimination of clinical signs and the economic burdens 
associated with the infection. And I heard Dr. Kurnar comment on his use 
of the inactivated swine influenza vaccine in breeders, And, again, I am 
sure he'd have to indicate that he wasn't certain of the challenge 
subsequent to vaccination, but he certainly would agree that  the infection 
was brought under control after vaccination. I am sure in the field situa- 
tion it is really difficult to say that the vaccine worked because of its pro- 
tective effect or whether because the birds were not challenged. I don't 
think any of us can stand up and indicate that. But the field experience 
does suggest and the fact that the Minnesota turkey growers now have 
$50,000 worth of vaccine on hand to use in the event of an outbreak would 
indicate they feel that they have had some very positive effects from its 
use. So that's about a 1  we can comment on, Dr. RosenwaEd. 
DR. LANG: We have laboratory data, however, which are contradictory 
to the statements made here. We have vaccinated turkeys with 7732 
virus multiplied in F r e u d ' s  complete adjuvant. We had HI antibody 
titers of 1:1230 when we challenged (these birds a t  the time the first 
turkey that got challenged) by intranasal installation with the live virus. 
The first bird died already at 42 days (said days may have meant hours) 
after, and at 80 days (said days may have meant hours) half of the turkeys 
were dying already with t h e  same virus against which we had vaccinated. 
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The Animal and Plant Health Inspection Service CAPEIS) is concerned 
about avian influenza. Because of the confusion about these viruses, we 
believe that it is important to  have a meeting such as this Symposium to 
share concern, expertise. research, and opinions. As a result of this Sym- 
posium, we hope to become aware of the latest information, develop 
nomenclature which will be understood by everyone, develop schemes 0r 
programs which will help control the spread of these viruses, and last 
but not least, establish areas for needed research. This is the ratson that 
the United States Department of Agriculture (USDA), through the 
Science and Education Administration and APHIS, has provided funds to 
the United States Animal Health Association to help with this Interna- 
tion Symposiuni on Avian Influenza. 

Although there are  many issues that need to be resolved, the ones of 
paramount importance to Veterinary Services, a regulatory agency, 
relate to  our ability and authority to  protect our poultry industry f r ~ m  
serious poultry diseases. For instance, we need to  be able to describe or 
define specific diseases for which we can utilize manpower and funds in 
an effort to control or eradicate them. 

At the present time as far as avian influenza is concerned, we have 
authority only to  control fowl plague or European fowl pest. W e  are 
presently operating under a definition of fowl plague as an avian influen- 
za having the hemagglutinin antigen avian 1 and causing high death loss 
or lethality in the appropriate susceptibk poultry species. Our scientists 
have indicated to us that there are other influenzas having equal disease 
potential that do not have hemagglutinin antigen avian I; and conversely, 
we have isolated avian influenza with this hemagghtinin on several occa- 
sions but the isolates do not cause mortality in susceptible podtry. 
Should we stay with a term like "fowl plague9' or should we change to a 
general term such as influenza causing high lethality? 

In  regard to  high lethality, what criteria do we use in establishing this 
evaluation? Certainly, we cannot use death loss in the originating or 
source flock as the sole basis for determining the lethality of an influenza 
outbreak. In Minnesota and elsewhere, high death losses in many cases 
were associated with complicated disease problems or concurrent infee- 
tions with pathogenic E. colt pasteurella, or some other agent, Often 
isolates recovered from flocks with high death lasses were not capable of 
producing mortality in susceptible poultry under experimental condi- 
tions. 
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Veterinsry Services as a regulatory agency needs to be able to 
diagnose accurately and quickly the cause of any serious disease in our 
poultry flocks. This variability or inconsistency of avian influenza viruses 
in being able to reproduce the disease in the  field or laboratory com- 
plicates our diagnostic procedures and our ability to take action. A clear- 
ly defined, practical, reproducible test for pathogenicity is needed in 
justifying funds and manpower for an eradication propam. 

Our experience in Minnesota and elsewhere clearly demonstrates the 
ability of the  influenza virus to spread from flock to flock by various 
means. Evidence indicates that waterfowl serve as one of the major 
reservoirs of many serotypes of influenzas. This B c t  compIicates a 
regulatory program should migratory waterfowl become involved in the 
widespread distribution of highly virelent influenza viruses within the 
poultry indllstry . 

We are not aware of any data that clearly indicate vertical trans- 
mission of influenza in our poultry flocks. Conversely, we have accumu- 
lated information over many years which indicates that it is probably not 
transmitted through the egg. Recognizing that we have had little ex- 
perience with fowl plague, our tendency is to place safeguards on routine 
importations when fowl plague is diagnosed in a country to make sure 
that it doesn't get into our podt ry  flocks. We hope that this group will 
provide us with the facts and assistance in formulating a safe and prac- 
tical policy to follow concerning these serious poultry diseases. 

Many factors need to be considered in developing effective import- 
export programs to  insure that dangerous poultry diseases will not be 
transmitted across country borders. Requirements must be uniformly ap  
plied and must be meaningful. They should reflect the capability of 
veterinary officials and the  laboratory to provide the  necessary services. 
Unnecessary tests add nothing to  security-only to the cost of the end 
product. All requirements, too, should be those that  are enforceable. An 
antibody test alone would not be of much value in the case of influenza. 
Also, because of the ubiquitous nature of influenza viruses, we should 
limit our regulatory efforts only t o  the highly virulent isolates of avian in- 
fluenza. 

Except for a few comparatively minor disease outbreaks that for- 
tunately were restricted to a local problem, avian influenza has been 
essentially a turkey problem in the United States. It may be that the in- 
fluenzas in the United States are not infecting chickens or perhaps are 
not producing a readily recognizable disease in our chicken flocks and, 
thereby, are not being diagnosed. 

Dr. James Pearson of our National Veterinary Services Laboratories in 
Arnes, Iowa, has given data which illustrate that many different avian in- 
fluenza viruses are entering the United States and are being widely 
dispersed throughout the country in cage pet birds. We are also aware 
that waterfowl commonly shed the  viruk in large quantity with no a p  
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parent clinical disease. In addition, serological surveys indicate that 
about one-fourth of our swine have alrtibody to an influenza which is be- 
ing reported in our turkey flocks. With this amount of virus in t-he en- 
vironment, have we just been lucky with our chicken industry? 

We hope that as a result of this Symposium that we will have addi- 
tional information as to the effectiveness of a homologous, inactivated 
vaccine for influenza and other ways of controlling or preventing avian in- 
fluenza. 
I'm sorry that my presentation has not provided answers but rather 

questions to the problem of avian influenza. We hope that as a result of 
this Symposium the answers to some of these issues will be available or 
at least we will have a rSommon understanding of the disease and the 
problems associated with the disease. 
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EPIDEMIOLOGICAL RELATIONSHIP OF INFLUENZA 
A VIRUSES IN DOMESTIC AND FERAL AVIAN Sf ECLES 

V. S. Hinshaw, B. f omeroy, J. Newmon, D. Halvorson, D. Karunakaran 

(ABSTRACT) 
Influenza A viruses circulate in many different avian species, both 

domestic and feral. Recently, influenza outbreaks have become a more 
frequent and serious disease problem in domestic turkeys in the U. S. An 
important epidemiological question is - what is the source of the viruses 
appearing in these domestic birds? These studies have been examining 
whether the viruses are maintained in the turkeys themselves (or their 
environment) or whether they a re  introduced by feral birds, as ducks. In 
1980, comparison of 800 virus isolates from feral ducks in Canada and in 
Minnesota, from sentinel ducks placed in ponds near turkey farms in 
Minnesota and from domestic turkeys in Minnesota iiiustrate the follow- 
ing points; 

A. antigenically indistinguishable viruses were isolated from each of 
I 

these different birds - eg., H4N2 viruses were present in f e d  
ducks, sentinel ducks and sick turkeys at the  5ame time, 

B. sentinel ducks rapidly acquired viruses after being placed in 
I nature. 

These studies suggest that viruses related to those ~ h i e h  cezthinuslly 
circulate in feral ducks are appearing in the turkeys and that trans- 
mission of these viruses can be readily acmmzplished in the a a h d  
setting. Disease outbreaks in turkeys often begin in range bids - a 
situation in which eontact bet wee^ turkeys and feral birds may occur. 
These findings provide increasing evidence that the source of the viruses 
appearing in the turkeys may well be feral dusks migrating theugh the 
area. To eonfirm this possibility, genetic comprissns of e m h  of the eight 
genes of these different viruses (not just the hemaggl~tinin and 

I 
neuraminidase surface antigens) are required; these ongoing studies are 
described in another session of this symposium (see Hindshaw et dl. 

A review of the current data on influenza A viruses in feral birds, 
particularly ducks, underlines their significance in the epidemiology of 
influenza. Much of these data have been obtained f h m  Iongitudkal 
studies on feral dueks in Canada over the past five years. Charaetesistics 
of the circuIation of influenza A vkuses in feral ducks indude the 
following: 

A. High incidence of infection, e.g. viruses were recovered from zs 
high as 600h of juvenile ducks in the Canadian studies; 

B. diversity of antigenie subtypes, including many different com- 
binations, e.g., 27 different antigenic combinations were isolated 
from Canadian ducks over a 6 year period. It should be noted that 
ducks are the  only species in nature which harbor every known 
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hemagglutinin and neuraminidase subtype, including those related 
to mammalian viruses. 
Rviruknce - the isolates from Canadian ducks were all from 
healthy birds; experimentally infected dueks also showed no signs 
of disease. The avirulent nature of this virus infection in ducks is an 
important epidemiological factor because this allows bath thc virus 
and host to survive. 
Intestinal replication - Influenza viruses replicate to high titer in 
the intestinal tracts of dueks and are excreted in the feces, thus in- 
to  the water where the birds live. This constitutes a very efficient 
mode of transmission in nature, i.e,, via feeally-contaminated water 
supplies (fecal-oral route). This may also represent the way these 
birds introduce their viruses into other species as they migrate 
through differznt areas. 
Genetic reassortment - Genetic exchange between viruses occurs 
readily in the intestinal tract of ducks, thus generating genetimUy 
different viruses. This phenomenon may yield viruses with dif- 
ferent biological properties - a factor important in virus survhd. 
Another point is that antigenically ixldistlnpishabfe viruses may 
be genetically quite different, thus, antigenic identity h e s  not 
mean the viruses are the same. 
Host range - influenza A isolates from ducks can infect and 
replicate in several different avian species, including turkeys. fn 
these studies, the duck viruses rephated efficiently in birds 
(ducks,' turkeys and chickens) and mammals (ferrets, eats 'and pigs), 
but produced no disease. For example, the viruses reached high 
titers (>10%ID$ml of nasal wash) in the nasal passages of ferrets. 
similar to that of mammalian strains. These findings indicate that 
the host range of avian viruses is broad, supporting their 
epidemiological importance to both avian and mammalian species. 

The above studies suggest that feral birds, partIcuIar1y ducks, 
represent a perpetual source of viruses which may spread to other 
species, including domestic birds and, possibly, nrarnmaIs. In view of the 
characteristics of influema virus circulation in ducks, it seems likely that 
feral dueks serve as a source of the viruses appearing in turkeys during 
diseabe outbreaks. To fully answer the question as to whether ducks are 
the source of these viruses requires additional studies; however, the 
evidence to date supports their role in the epidemiology of influenza in 
domestic birds, as turkeys. 


